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1 Introduction

This document is email discussion on the search space design for eMTC. Question 1 to 5 are to invite your comment on the bullet points listed during the meeting. Question 6 to 8 are the discussion point proposal from the rapporteur.
2 Proposals based on the discussion
Based on the inputs described in the section 3 and further email discussion over the reflector, the rapporteur propose following.
Proposal 1 (from the discussion of Q1)
In USS CE mode A, if more than one DCI size is required as blind detection per UE at one time, 
any lower repetition level of the UE does not start during the maximum number of the repetition.
else
same as CE mode B handling

In USS CE mode B, lower repetition level starts during the maximum number of the repetition. FFS on how many parallel repetition buffer is required.
The search space handling after the reception of PDSCH but before the starting subframe of UE-SS is FFS.
Proposal 2 (from the discussion of Q2, Q6,Q10):

Aggregation Levels for USS for CE mode A:

L = {2, 4, 8, 16, 24}.  FFS on AL=1.

Aggregation Levels for USS for CE mode B:

L = { 8, 16, 24}.   

L=8 is supported when 2 or 2+4 PRB pairs are configured.

L=16 is supported when 4 or 2+4 PRB pairs are configured.

L=24 is supported when 2+4 PRB pairs are configured.

M-PDCCH PRB sets for USS (FFS for USS before RRCConnectionSetup reception)

RRC configures following

- Transmission type (= distributed or localized) is per UE. 

- Candidate number of PRB pair is {2, 4, 2+4}.  If number of PRB pair is {2+4}, it means two PRB-sets are used for 24 eCCEs realization.

- Resource block assignment is per UE.  When 2+4 PRB pairs, the indication is complemental relation between two sets.
Proposal 3 (from the discussion of Q3):
CSS for paging:
Same design with CE mode B on aggregation levels and PRB sets configuration.

CSS for RAR:
CE level specific configuration between "same design with mode A" or "same design with mode B" on aggregation levels and PRB sets configuration.
SS for Msg 3 retransmission:
Within the same CE level, the same configuration with CSS for RAR on aggregation levels and PRB sets configuration.

SS for Msg 4 transmission:
Within the same CE level, the same configuration with CSS for RAR on aggregation levels and PRB sets configuration.
Proposal 4 (from the discussion of Q4)
- starting subframe is defined with absolute (SFN, subframe) indices regardless of valid/invalid DL subframe.

- The set of {L, R} for USS is determined based on:

- Number of PRB pairs for M-PDCCH, and

- maximum number of M-PDCCH repetition.

- The default of USS on number of PRB pair and the maximum number of M-PDCCH repetition are same with the configurations of CSS for RAR.
Proposal 5 (from the discussion of Q7)

The candidate set of R is FFS between : 
Option 1: M-PDCCH repetition number is {1, 2, 4, 8, 16, 32, 64, 128} FFS: 256
Option 2: M-PDCCH repetition number is {1, 5, 10, 20, 40, 80, 160, 320}
Proposal 6 (from the discussion of Q8)
No need to support simultaneous monitoring of USS and CSS for paging.

No need to support simultaneous monitoring of USS and CSS for RAR.
FFS on DCI format 3/3A,  fall-back or a UE group HARQ-ACK by DCI related handling
Proposal 7 (from the discussion of Q9)

The relation between starting subframes and maximum number of R are FFS between

- Option 2: The periodicity of starting subframes of UE-SS can be longer than maximum number of R. One SS occurs after the starting subframe of UE-SS. 

- Option 3: The periodicity of starting subframes of UE-SS can be longer than maximum number of R. Search space operation continues until next starting subframe of SS.
3 Discussion
Q1: Could you provide your comment on the following bullets? You can provide any comment on LLR buffer of M-PDCCH.
· If the UE monitors two repetition levels for M-PDCCH, the time-frequency resource of the lower repetition level is a subset of time-frequency resource of the higher repetition level

· This allows for same LLR buffer combining and no additional blind decodings
It can be translated to following question. Which one is your preference? If your preferred option is not listed, could you elaborate it?
Option 1: Lower repetition level does not start during the maximum number of the repetition.

Option 2: Lower repetition level starts during the maximum number of the repetition.
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Is this relation is per SS or per UE if UE has multiple SS simultaneously.
	Company
	Comments

	Panasonic
	Our view is option 1 for CE mode A and option 2 for CE mode B in UE-SS. If simultaneous CSS during USS is supported, CE mode B can be option 1 in order to reduce LLR buffer. 

	DOCOMO
	· Our preference is Option 2 considering more scheduling flexibility on the network side. 
· Not so clear about the second question “Is this relation is per SS or per UE if UE has multiple SS simultaneously”. In our option, this kind of SS structure is common for all SS

	LG
	The choice of option can be dependent on how many L is monitored at each R. For CE mode A, option 1 seems okay to allow multiple candidates of different aggregation levels. For CE mode B, option 2 can be considered assuming only large aggregation levels (such as 8, 16, 24) will be monitored. Also, we think that the same frequency resource can be used among the pairs (L, R1), (L, R2) and (L, R3) with a same starting subframe (i.e., with the same L with different R shares the same frequency resource) to minimize the necessity of additional LLR buffer to handle multiple repetition levels. 

	CATT
	We prefer option 2 to support more opportunities for scheduling for both USS and CSS.

	Ericsson
	Our preference is Option 1 for both CE modes. 
· Option 1 allows the UE to use one buffer to accumulate received symbols and perform blind decoding. Option 2 in the illustrated example requires 3 separate buffers. 
· Option 2 also introduces too many search candidates in time domain. This contradicts with the need to limit the total number of blind decodings.

	Sony
	We prefer option 2.  The number of smaller repetition candidates under a candidate with larger candidates depends on the LLR buffer available.  

The understanding is for Mode B, we can reuse the HARQ buffer memory to store candidates with lower repetition.  This is probably feasible but will be good if we can verify this.  

However for Mode A, we do not have the luxury of borrowing memory from HARQ buffer to support option 2.  Some discussion is needed on this.  The search space design should not impact the peak data rates that can be supported in Mode A. 

	Samsung
	Option 2 for both modes. 

LLR buffer is not a concern for detection of DCI formats, tree-based structure needs to anyway be followed in Mode A in case of no repetitions, scheduling opportunities should be maximized, design commonality for both modes, re-use EPDCCH USS design.

	Intel
	We prefer Option 1 for CE mode A and are OK with Option 2 for CE mode B:

· From the scheduling flexibility perspective, multiplexing of DCIs to UEs in CE mode A should not be significantly impacted for Option 1 due to small number of repetitions (i.e., there would be big differences between the different repetition levels, Ri for different candidates). However, Option 1 would definitely help in simplifying UE’s LLR buffer management requirements. 
· The impact on scheduling flexibility for DCIs transmitted to UEs in CE mode B would be higher (a very large repetition level candidate essentially blocks the opportunity to schedule DCIs to UEs that may need the lower repetition levels). Additionally, LLR buffer management for separate buffer of a few (2-3) candidates with different repetition levels may be more feasible in typical cases considering reduction in number of unicast DL processes and much smaller payload of the DCI compared to PDSCH.
To the question on whether this applies to “per SS or per UE if UE has multiple SS simultaneously”, our view is that this should be per UE (based on its CE mode).

	ZTE
	We prefer Option 2.

	QC
	We prefer option 1 as it reduces UE complexity and buffer requirement. 

	Nokia 
	Option 2 is preferred.  For option 1, we concern about the higher M-PDCCH blocking rate than option 2.

	Huawei,HiSilicon
	Perfer option 1 for Paging CSS considering to simplify UE’s BD due to misalignment CE level between UE and eNB.

For other SS, option 2 is preferred for both CE modes.

The impact on LLR buffer from tree-like structure in time domain is the similar to that of frequency tree-like structure. For a UE to detect legacy PDCCH, maximum 22 candidates should be supported in frequency domain, so the LLR buffer should have the capability to support maximum 22 candidates detection. For an MTC UE support M-PDCCH repetition, the monitored AL sets and starting ECCE in frequency domain will be severely reduced due to 6 RBs restriction and large AL in CE, so the LLR buffer may not be impacted (even decreased) considering M-PDCCH repetition in time domain.

Another issue for option 1 is the blocking problem. For two MTC UEs with the same SS, if one MTC UE using R1 or R2, another UE can not use this SS at all, which may increase UE’s MPDCCH detection power consumption and reduce eNB’s scheduling flexibility.l

	MediaTek
	Prefer option 1 for Mode A and Ok with option 2 for Mode B supposing there is only one AL (=24) and no multiple SS simultaneously.

	InterDigital
	Option 2 is preferred for higher scheduling flexibility and reduced blocking probability.

	Lenovo
	Our preference is option 2 for both Mode A and Mode B. However, the number of candidates for an (L, R) with R≥1 is 2 for any R<Rmax and the number of candidates for an (L, R) with R=Rmax is 1. The value of Rmax is configured by higher layers. An example is shown in the figure below. This provides some tradeoff between scheduling flexibility and required buffer size for M-PDCCH. Two candidates for an (L, R) with R<Rmax is useful for the network to transmit one DL grant and one UL grant to a UE.
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Q2: Could you provide your comment on the following bullets from USS perspective? If it is different depending on mode A and mode B or certain condition, could you provide your comment further?
· For all CSS, the following aggregation level(s) is supported 

· Alt 1: 24 ECCEs only with a single decoding candidate in a subframe

· Alt 2:

· 24 ECCEs with a single decoding candidate in a subframe

· 16 ECCEs with a single decoding candidate in a subframe

· 8 ECCEs with 3 decoding candidates in a subframe

· # of PRBs for CSS/USS?

· Total # of blind decodes?

· Impact of R and the number of Rs?
	Company
	Comments

	Panasonic
	In CE mode A, for USS, following are supported when number of PRBs is {2+4} .

L
(Aggregation level)

Number of candidates in {2 PRB-set, 4 PRB-set, combination of 2 and 4 PRB-set}

1

3, 3, 0
2

2, 2, 0

4

1, 1, 0

8

1, 1, 0

16

0, 1, 0

24

0, 0, 1

In CE mode B, for USS , following is supported when number of PRBs is {2+4}.

L
(Aggregation level)

Number of candidates in {2 PRB-set, 4 PRB-set, combination of 2 and 4 PRB-set}

24

0, 0, 1

The number of PRBs is given by Number of PRB pairs for MPDCCH as RRC parameter. Total number of BD is above for one payload size.

Related to R, at the starting subframes of M-PDCCH, R=1 is realized. In the next subframe R=2 is realized. Then it continues to up to maximum number of R subframes. After reached to R subframes, it starts from R=1. How often BD is realized is determined by 
- {maximum number of R}
- {maximum number of R}/2
- {maximum number of R}/4
- {maximum number of R}/8
At the subframe to realize BD effort described above, all L candidates configured are blind decoded. 


	DOCOMO
	· Supported aggregation levels

· In CE mode A, multiple aggregation levels are supported

· In CE mode B, only support one aggregation level e.g., Alt.1 to reduce the power consumption

· Number of PRBs for USS
· For initial USS (USS for the retransmission of Msg.3 and scheduling of Msg.4), the number of PRBs is fixed as 6
· For subsequent USS 
· For the USS serving UEs in CE mode A, 2,4 and 6 PRBs can be configured
· For the USS serving UEs in CE mode B, 6 PRBs are configured

	LG
	For CE mode A, multiple aggregation levels are supported. For lower L, multiple candidates are supported as well. 
For CE mode B, large aggregation levels such as 8, 16 and 24 are supported only. # of PRBs can be configured for CSS/USS. As a default, 6PRB can be assumed where 2 set of 2 PRB and 4 PRB are configured. 

	CATT
	We share the same view as DOCOMO.

	Ericsson
	· For initial USS (USS for the retransmission of Msg.3 and scheduling of Msg.4), the number of PRBs is fixed to 6 PRBs only. 

· For subsequent USS 
· In CE mode A, multiple PRBs (
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· In CE mode B, a single PRB of 
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=6 is supported. Up to two aggregation levels are supported, i.e., {16, 24}. 

	Sony
	On Aggregation Levels:

· For Mode A, multiple AL can be supported.  

· For Mode B, we prefer only 1 AL = 24.

When considering number of blind decodes, please clarify whether this is number of blind decodes per decoding point (i.e. end of a repetition) or the total number of blind decodes for the entire search space?

It is unclear what the question is on the impact of R. If this is on the range of R values, then this depends on the targeted coverage range (dB) that we wish to cover within this configured CE level.  If the range is 5 dB, then the largest repetition should be at least 3 times that of the smallest repetition.

	Samsung
	No need to support 1 ECCE AL for M-PDCCH (equivalent to 0.25 ECCEs for Rel-12 EPDCCH due to ~6 dB loss from 1 Rx and no frequency/antenna diversity) – avoid unnecessary blind decodes. No need to hard code M-PDCCH candidates per AL ( configurable number of candidates per ECCE AL based on a predefined maximum number of blind decodes. Only AL=24 in case of repetitions (but in Mode A, a UE can be configured both with/out repetitions and with ALs < 24 in case of no repetitions).  
For CSS, 6 PRBs always. For USS, configuration for 2 PRBs, 4 PRBs, and repetitions.

	Intel
	Aggregation Levels for UESS:

· Multiple ALs supported for CE mode A (Share same view as Samsung that 1 ECCE AL may not be useful and can be removed).

· AL=24 only for CE mode B.
M-PDCCH PRB sets for UESS:

· RRC configured between 2, 4, 6.

	ZTE
	Aggregation level: RRC configured; For CE mode A, multiple aggregation levels are supported. For CE mode B, larger aggregation levels are supported. 
# of PRBs: RRC configured
Total # of blind decodes: for one type of DCI size, (number of L * number of R)≤16.

	QC
	Alt 2, but limiting the number of blind decodings per subframe to a small number (e.g. 8). In addition to 24 ECCE, we support at least another decoding candidate for more flexible eNB operation. The number of additional decoding candidates is the same as number of sets configured for the UE. Each of the additional candidates occupy all the resources in the corresponding set (e.g. if 4RB is configured, then we have one candidate of 24ECCE + 16ECCE).

	Nokia
	For USS, we prefer

· Mode A, multiple ALs are supported, the number of PRBs can be configured with 2,4 or 6

·  Mode B, only AL=24 is applied, it is equivalent to 6PRBs .

	Huawei,HiSilicon
	· Supported aggregation levels

· In CE mode A, AL1 is not needed considering 5~9 dB loss from 1R and bandwidth reduction. Multiple aggregation levels are supported, and prefer AL= 2, 4, 8, 16. For AL=16, two candidates can be considered if cyclic ECCE numbering is allowed.
· In CE mode B, support multiple aggregation levels to provide scheduling flexibility. Considering the possible overlap on the repetition number between CE mode A and CE mode B, and scheduling flexibility for eNB, multiple aggregation levels are supported, and prefer AL= 8, 16, 24.
· Number of PRBs for USS
· For initial USS (USS for the retransmission of Msg.3 and scheduling of Msg.4), the number of PRBs configured via RAR
· For subsequent USS 
· For the USS serving UEs in both CE mode A and CE mode B, 2, 4 and 6 PRBs can be supported. 

	MediaTek
	For CE Mode A, multiple AL levels with 2,4,6 PRBs are supported except for AL=1.

For CE Mode B, only AL=24 is supported with 6 PRBs. 

	InterDigital
	For the aggregation levels:
· CE mode A: supporting multiple aggregation levels are needed as it includes normal coverage. AL=24 is not supported in mode A.

· CE Mode B: multiple aggregation levels still provide benefit in many cases, but the number of aggregation levels may be smaller than that for CE mode A. AL=1, 2, and 4 are not supported in Mode B

	Lenovo
	We envision three configuration classes of M-PDCCH search space:

1. M-PDCCH configuration class 1: in this case, the existing EPDCCH search space definition is reused;

2. M-PDCCH configuration class 2: in this case, the existing EPDCCH AL=8 and AL=16 is supported; in additional, two candidates for each (L=24, R) are supported for R=1,2,4…,Rmax/2; one candidate is supported for (L=24, R=Rmax). The Rmax value can be {1, 2, 4, 8, 16, 32}.

3. M-PDCCH configuration class 3: in this case, two candidates for each (L=24, R) are supported for R=8, 16,…,Rmax/2; one candidate is supported for (L=24, R=Rmax). The Rmax value can be {8, 16, 32, 64, 128, 256}.
M-PDCCH configuration class 1 can be used for an eMTC UE in Mode A and without L=24. M-PDCCH configuration class 2 can be used for an eMTC UE in Mode A with L=24. M-PDCCH configuration class 3 can be used for an eMTC UE in Mode B. 

It is also noted that the above proposed Rmax value range for M-PDCCH configuration class 2 and 3, 3 bits would be needed in the DL grant to indicate the M-PDCCH repetition number.


Q3: Could you provide your comment on the following bullets from CSS perspective? If it is different between paging and RAR (and other random access related), could you provide your comment further?
· For all CSS, the following aggregation level(s) is supported 

· Alt 1: 24 ECCEs only with a single decoding candidate in a subframe

· Alt 2:

· 24 ECCEs with a single decoding candidate in a subframe

· 16 ECCEs with a single decoding candidate in a subframe

· 8 ECCEs with 3 decoding candidates in a subframe

· # of PRBs for CSS/USS?

· Total # of blind decodes?

· Impact of R and the number of Rs?
	Company
	Comments

	Panasonic
	Mode A or mode B are configured by MTC-SIB for each RACH levels. The same behaviour with USS corresponding to mode A or mode B is used.

	DOCOMO
	· Supported aggregation levels

· In CE mode A, multiple aggregation levels are supported
· In CE mode B, only support one aggregation level e.g., Alt.1 to reduce the power consumption

· Number of PRBs for CSS
· Always 6 PRBs

	LG
	For RAR, same as USS.
For paging, R can be composed based on the maximum CE level. To support wide range of repetition level, the granularity of R can be larger than USS. For example, supported R can be

- {maximum number of R}
- {maximum number of R}/4
- {maximum number of R}/8
- {maximum number of R}/16

	CATT
	We prefer option 1 for CSS. The number of PRBs for CSS is always 6 PRBs.

	Ericsson
	· For paging, a single PRB of 
[image: image7.wmf]p

X

N

RB

=6 is supported, a single L=24 ECCE is supported.
· For RAR, a single PRB of 
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=6 is supported. 
· For CE mode A (or low CE levels): multiple aggregation levels are supported, for example, {4,8,16,24};
· For CE mode B (or high CE levels): a single aggregation level of L=24 ECCE is supported. 

	Sony
	CSS for Paging: This targets all UE and hence would need to reach the cell edge.  For a cell supporting large coverage enhancement, this should always be 6 PRBs, AL=24 and one repetition, i.e. one candidate is sufficient.  UE can perform early termination of the repetition depending on its CE level.  If eNB wants some sort of control, these termination points can be indicated (or specified somewhere).For a cell that does not support large coverage enhancement, 6 PRBs and AL=24 are not necessary/

CSS for RAR: This target specific CE level.  

· For Mode A multiple AL is supported

· For Mode B, we prefer a single AL=24, i.e. always use 6 PRBs (multiple repetitions can be supported) 

	Samsung
	CSS for paging/random access (RA) is configured by SIB (per CE level for RA). Only AL=24 ECCEs for paging. For RA, multiple ALs (8, 16, 24) for Mode A (8, 16, 24), FFS for Mode B (depending on other designs – L=24 is reasonable but not yet agreeable). Set of Rs is configured per CE level for PRACH. Maximum R value for paging. No impact on the UE blind decoding capability is expected.

	Intel
	Aggregation levels, PRB set-size, repetition levels for CSS for paging:

· AL = 24 and PRB set size = 6 (Power consumption reduction should be optimized for paging)

· Repetition level for paging based on maximum CE level supported in the cell.

Aggregation levels and PRB set-size for CSS for RAR, Msg3 reTx, and Msg4/RRCConnectionSetup messsage scheduling:

· CE modes A and B can be determined by the UE based on mapping from PRACH repetition level.

· ALs = {8, 16, 24} and PRB set size = 6 for CE mode A

· AL = 24 and PRB set size = 6 for CE mode B
· Repetition level determined based on PRACH repetition level and mapping(s) provided in MTC SIB.

	ZTE
	Aggregation level: configured by SIB; For CE mode A and mode B, larger aggregation levels are supported. 

# of PRBs: configured by SIB or fixed to 6PRBs
Total # of blind decodes: for one type of DCI size, (number of L * number of R)≤16.

	QC
	Same as Q2 above

	Nokia
	For paging, only AL=24 is applied, it is equivalent 6PRBs

For RAR, basically for

· Mode A, multiple ALs are supported, the number of PRBs can be configured with 2,4 or 6

· Mode B, only AL=24 is applied, it is equivalent 6PRBs .
How to mapping the PRACH repletion level to Mode A or B need to discuss further.

	Huawei,HiSilicon
	We have agreement CE mode A and CE mode B are only for UEs in RRC_CONNECTED state, so we can decouple the CSS design for RAR and paging from CE mode.

It is not clear about “(and other random access related)”. Is it for the M-PDCCH for Msg3 and Msg4? If so, we can discuss that in the random access thread.

For CSS for RAR and Paging:

· Supported aggregation levels

· Multiple aggregation levels are supported, and prefer AL= 8, 16, 24.
· Number of PRBs for CSS
· 2, 4, 6 RBs can be supported

SIB configures the CSS for RAR and Paging.

	MediaTek
	For paging, M-PDCCH has to address all UEs due to SI notification change. So a single {AL, R} has to be configured or implicitly derived corresponding to the supported CE level by the eNB.

For RAR, a single {AL, R} for M-PDCCH monitoring can be corresponding to each PRACH CE level based on the knowledge of PRACH resource selection.

Agreed with Huawei, CE Mode A and Mode B for the connected mode can’t be applied in this case.

	InterDigital
	L and R for CSS:

· For paging, a set of {L, R} should be determined based on the maximum CE level supported. Multiple Rs should be used to support a different CE levels. Note that eNB may be indicated from MME for the CE level for a certain UE.

· For RAR, a single {L, R} could be used based on the CE level of the PRACH resource associated with.  

	Lenovo
	We envision three configuration classes of M-PDCCH search space:

1. M-PDCCH configuration class 1: in this case, the existing EPDCCH search space definition is reused;

2. M-PDCCH configuration class 2: in this case, the existing EPDCCH AL=8 and AL=16 is supported; in additional, two candidates for each (L=24, R) are supported for R=1,2,4…,Rmax/2; one candidate is supported for (L=24, R=Rmax). The Rmax value can be {1, 2, 4, 8, 16, 32}.

3. M-PDCCH configuration class 3: in this case, two candidates for each (L=24, R) are supported for R=8, 16,…,Rmax/2; one candidate is supported for (L=24, R=Rmax). The Rmax value can be {8, 16, 32, 64, 128, 256}.
The M-PDCCH CSS can be configured according to one of the above three M-PDCCH configuration classes.

It is also noted that the above proposed Rmax value range for M-PDCCH configuration class 2 and 3, 3 bits would be needed in the DL grant to indicate the M-PDCCH repetition number.


Q4: Could you provide your comment on the following bullets?

· The starting subframe for M-PDCCH is separately determined for each repetition level.
· The set of {L, R} for USS is implicitly determined based on at least :
· Number of PRB pairs for M-PDCCH, and

· CE level (including no CE)
The first bullet point may be more elaborated in Q9.
	Company
	Comments

	Panasonic
	The starting subframes for M-PDCCH is given to UE as indicated by the SFN and subframe numbers. Therefore, it is deterministic regardless of valid/invalid subframe configuration.
{L, R} are determined by mode A or mode B as described above. If number of PRBs are less than 4+2, only certain PRB-set is decoded.

	DOCOMO
	· Starting subframe for MPDCCH: 
· In our understanding, this bullet may be related to the location relationship among different repetition levels in Question 1. If Option 1 of Question 1 is selected, then the starting subframe of M-PDCCH of different repetition level are unified and if we go with option 2 of Question 1, the starting subframes of the MPDCCH with different repetition levels are determined separately for different candidates for a given repetition level
· Our preference is Option 2 in Question 1 and configuring separate starting subframe for each repetition level
· Determination of {L,R} set
· OK  with the proposal

	LG
	In case Option 2 in Q1 is used, starting subframe is determined per repetition level. In case Option 1 in Q1 is used, starting subframe is determined per the maximum repetition level that the UE monitors. In terms of configuration (implicit vs explicit), our preference for Q9 is Option 2/3 to minimize potential ambiguity duration. 

	CATT
	We prefer to determine the starting subframe of SS based on explicit signalling while the starting subframes of each candidate is implicitly determined based on R.
We are fine with the second bullet.

	Ericsson
	· Agree with 1st bullet. Additionally agree with Panasonic that starting subframe is defined with absolute (SFN, subframe) indices regardless of valid/invalid DL subframe.

· Agree with 2nd bullet on {L,R};

	Sony
	If Option 2 of Q1 is used then we have a starting subframe for:

· The search space which is determined by the largest repetition in that search space.  Introducing some gaps between start of search space may be beneficial especially in Mode B for UE battery power consumption.

· The candidate of different repetition within the search space.  This depends on how many candidates per repetition UE can support.  For example if we only have enough LLR memory to store 2 repetitive samples then we may not be able to have consecutive candidates of smaller repetitions, i.e. we may have a candidate arrangement as shown figure below (see R1-155611). Which candidate arrangement to use should be indicated by the network.
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	Samsung
	For M-PDCCH candidate with 
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	Intel
	Share the views from LGE. The first bullet depends on the decision on Q1: same and depending on max repetition level for Option 1, while they can be different for M-PDCCH candidates with different R’s. Further, it also depends on decision for Q9.
Agree with second bullet.

	ZTE
	starting subframe for M-PDCCH: determined by the maximum value of R
set of {L, R} for USS: besides the two sub-bullets, the set of {L, R} for USS is also related to type of search space.

	QC
	The starting subframe for MPDCCH should be the same for all repetition levels configured for the UE to monitor (Option 1 in Q1). The set of {L,R} can be defined based on CE level + number of PRB. The starting subframe can be different for different users.

	Nokia
	We think M-PDCCH monitoring period need to be defined, the periodicity of M-PDCCH monitoring period and the starting subframe of the period are signaled to MTC UEs in M-PDCCH region and cell specific manner. And the starting subframe for one specific UE SS is implicitly derived similar as legacy, i.e., based on hashing function. 

	Huawei,HiSilicon
	The starting subframe for M-PDCCH SS could be the same for different CE levels..

The starting subframe for M-PDCCH candidate can be explicitly configured to restrict the number of blind detection.

We prefer to explicitly configure set {AL, R} in order to provide the scheduling flexibility and control UE’s blind detection complexity.

	MediaTek
	Considering option 1 for Q1, the starting subframe for M-PDCCH SS can be explicitly configured with the periodicity for each candidate based on the maximum repetition level of SS.

	InterDigital
	We slightly prefer a different starting subframe according to the CE level (e.g. repetition level). The set of {L, R} can be defined based on the number of PRBs and CE level.

	Lenovo
	We envision three configuration classes of M-PDCCH search space:

1. M-PDCCH configuration class 1: in this case, the existing EPDCCH search space definition is reused;

2. M-PDCCH configuration class 2: in this case, the existing EPDCCH AL=8 and AL=16 is supported; in additional, two candidates for each (L=24, R) are supported for R=1,2,4…,Rmax/2; one candidate is supported for (L=24, R=Rmax). The Rmax value can be {1, 2, 4, 8, 16, 32}.

3. M-PDCCH configuration class 3: in this case, two candidates for each (L=24, R) are supported for R=8, 16,…,Rmax/2; one candidate is supported for (L=24, R=Rmax). The Rmax value can be {8, 16, 32, 64, 128, 256}.

For M-PDCCH configuration class 1: the starting subframe is any valid DL subframe.

For M-PDCCH configuration class 2: the starting subframe for the UE to monitor M-PDCCH satisfies mod(SFN × 10 + m, Rmax) = Toffset, where SFN is the SFN index, m is the subframe index, and Toffset is configured by higher layers among {0, 1, …, Rmax – 1}.

For M-PDCCH configuration class 3: the starting subframe for monitoring M-PDCCH is satisfies mod(SFN × 10 + m, Rmax) = 8 × Toffset, where SFN is the SFN index, m is the subframe index, Toffset is configured by higher layers from {0, 1, …, Rmax/8 – 1}.
In all three M-PDCCH configuration classes, the starting subframe for different repetition numbers is the same.


Q5: Could you provide your comment on the following bullets?
· For initial USS (before reconfiguration), 
· CE level is determined based on PRACH repetition level 
· For number of PRB pairs for M-PDCCH, FFS between
· Option 1: It is provided by MTC-SIB for each CE level
· Option 2: It is fixed to one value.
· Configurations of starting subframes of M-PDCCH USS is provided by MTC-SIB for each CE level
· FFS relationship between CSS configuration and USS Initial configuration 
· FFS: how to determine narrowband location for each CE level 
	Company
	Comments

	Panasonic
	The number of PRB pairs for M-PDCCH is based on option 1. If it is collided by PBCH or certain invalid PRB pairs, the behaviour is PRB brute force puncturing described in R1-155333.

The default of starting subframes of M-PDCCH USS is given by each CE levels and same as CSS for RAR (and the remaining). It can be overwritten by initial RRC message (RRCConnectionSetup). Narrowband location is given by RRCConnectionSetup.


	DOCOMO
	· CE level determination 
· OK with the determination based on PRACH level
· Number of PRB pairs
· Our preference is Option 2 to avoid additional overhead 
· Configuration of starting subframes of M-PDCCH USS
· We prefer implicit way e.g. based on the repetition level 
· Relationship between CSS configuration and USS initial configuration
· Initial USS is different from the CSS for RAR
· NB location determination
· The NB location information can be included in the RAR

	LG
	We are okay with the proposals except for the third bullet. In terms of third bullet, our thinking is that the repetition number(s) can be configured by SIB per CE level. If Option 2 from Q9 is adopted, starting subframe configuration can be given per CE level as well. If Option 3 from Q9 is adopted, we consider that a cell-specific value of starting subframe according to the maximum repetition number of M-PDCCH can be configured rather than CE-level specific configuration. In terms of PRB configuration, as mentioned before, as a default, fixed value (6PRB) can be assumed. 

	CATT
	Does initial SS here refer to 3rd SS we agreed in the last meeting? Our thinking is that the initial USS in configured in RRCConnectionSetup. Before that, the UL and DL are scheduled in CSS, i.e. 3rd is called CSS. The 3rd SS can be different from the CSS for RAR and can be indicated in UL grant in MAC RAR. The starting subframe of 3rd SS can be implicitly determined based on R.

	Ericsson
	Same as DoCoMo. Additionally, number of PRB pairs for M-PDCCH is fixed to 6 PRB only.

	Sony
	As CATT commented, is this supposed to be the 3rd SS, i.e. the SS for Msg3 ReTx and scheduling for Msg 4/RRC Connection Setup?  If so, our views are as follows:

· CE Level: I take it the CE level means there is a SS defined somewhere corresponding to each CE level (e.g. in the SIB). In this case, it should be the same CE level as Msg 3 since this is used for ReTx of Msg3.  This can be based on RACH CE level or RAR indicated.

· If there is a 3rd SS for each CE level then the details of the SS should be indicated (in SIB).  The MPDCCH set size for Mode B should be 6.  For Mode A should be indicated

· Starting Subframe: If we confirm to have a synchronous uplink HARQ then the starting subframe for Msg 3 ReTx depends on when Msg 3 ends.  That is this 3rd SS is “on demand.”   Similarly, the starting subframe in scheduling Msg 4 depends on when Msg 3 transmission completes and whether there is a contention resolution time.

· Relation between CSS and 3rd SS.  Is this related to the FSS in RAN1#82bis, i.e. FFS whether the 2nd CSS for RAR is same as the 3rd SS?  2nd CSS is shared with many UEs and so it may not be good to make 3rd SS the same as 2nd CSS.  However if load is low then 2nd CSS and 3rd SS can be the same. 
· Narrowband location of 3rd SS if not same as 2nd CSS should be indicated in the SIB.

	Samsung
	OK with CE level determination based on PRACH level (SIBbis provides link between PRACH CE level and DL CE level). 

OK with 6 PRBs for CSS – option 2 (if AL < 24 CCEs are supported, up to eNB to use less PRBs – no impact on UE blind decoding capability is expected). 

No need for explicit configuration of starting SF.

No need for NB location information in RAR (SIB suffices and is preferable). Independent configuration of narrowbands for ‘2nd’ CSS and for ‘3rd’ CSS (i.e. can be same or different)
Before RRCConnectionSetup, USS and CSS for Msg3/Msg4/PDSCH with RRCConnectionSetup are in same narrowbands. 

	Intel
	Although it has now been clarified by Suzuki-san that this “initial USS” refers to the default parameters for UE-SS configuration provided during RRCConnectionSetup, we’d like to share our views on the relevant aspects for the “3rd SS” following other companies for the sake of completeness. For the details of this “3rd SS”:

· OK with deriving CE level based on PRACH repetition level 

· For ALs and PRB set sizes: As mentioned in response to Q3: 
· CE modes A and B can be determined by the UE based on mapping from PRACH repetition level.

· ALs = {8, 16, 24} and PRB set size = 6 for CE mode A

· AL = 24 and PRB set size = 6 for CE mode B
· Thus, Option 2 for PRB set size.
· Starting subframe for the 3rd SS: Can be obtained implicitly based on end of Msg3 transmission time. UE monitors for DCI indicating Msg3 reTx or Msg4 scheduling in the 3rd SS, and subsequently (after Contention Resolution message reception) for DCI scheduling RRCConnectionSetup message (if Msg4 doesn’t carry the RRC configuration). The starting subframe for the M-PDCCH candidates can be determined based on decision on first bullet in Q4.

· Narrowband location or relation to other CSS for RAR scheduling for the 3rd SS can be independent of the former.
Now, coming to Suzuki-san’s point about default parameters or those that need not be explicitly configured via RRCConnectionSetup message, we are still not very sure of the benefits from this optimization (considering the trade-off in terms of SIB payload increase). However, we are open to considering the determination of CE level and the PRB set size (preference in this case is Option 1) if we agree to have default values for certain parameters for UESS and not signal them via the RRCConnectionSetup message.

	ZTE
	CE level:  determined based on PRACH repetition level
Number of PRB pairs: configured by MTC-SIB

Configuration of starting subframes of M-PDCCH USS: implicit way e.g. based on the maximum of repetition number
Relationship between CSS configuration and USS initial configuration: CSS configuration is indicated in MTC-SIB. USS initial configuration is signaled in RRC and the DCI scheduling RRC is in the 3rd SS.
how to determine narrowband location for each CE level: implementation related

	QC
	Always 6RB, the decoding candidates may span 2, 4 or 6RB without any signalling involvement. Initial USS should reuse CSS.

	Nokia
	It is ok for us that CE level is determined based on PRACH repletion level.

For CE level mapping to Mode B, the PRB number is fixed with 6PRBs. For CE level mapping to Mode A, it can be fixed also for simplicity.

	Huawei,HiSilicon
	CE level is determined based on PRACH repetition level (or, if not, then provided by RAR)
For number of PRB pairs for M-PDCCH, it is provided via RAR or SIB.
Configurations of starting subframes of M-PDCCH USS is provided by MTC-SIB for each CE level
CSS configuration is different from that of USS Initial configuration
For each CE level, the narrowband location of initial M-PDCCH (3rd SS) is indicated in RAR to avoid severe congestion.

	MediaTek
	CE level is determined by PRACH CE level (or repetition umber). M-PDCCH SS configuration can be indicated by MTC-SIB per CE level.

	InterDigital
	· From our understanding, it is already agreed that the CE level of M-PDCCH is determined based on the CE level of the corresponding PRACH resource.

· Regarding the number of PRB, a default value may be used for Mode A (e.g. 4PRB) and Mode B (e.g. 6PRB), respectively unless configured via a SIB.

	Levono
	Our view is that the M-PDCCH for scheduling Msg2 is provided for each PRACH time-frequency resource, and the M-PDCCH for scheduling Msg2 is according to one of the three M-PDCCH configuration classes.

M-PDCCH for scheduling Msg3ReTx/Msg4 is of the same parameter as the M-PDCCH for Msg2, except that the narrowband index for the M-PDCCH scheduling Msg3ReTx/Msg4 is provided in RAR.

Until the Rel-13 eMTC UE receives RRC configuration of the M-PDCCH USS, the UE continues monitoring the M-PDCCH scheduling Msg3ReTx/Msg4.


Q6: What is the candidate value of L supported in the specification? For example, {2, 4, 8, 16, 24}? Other value like L=1 supported?

	Company
	Comments

	Panasonic
	{1, 2, 4, 8, 16, 24} are supported.

	DOCOMO
	· We slightly prefer still supporting L=1 for CE mode A. {1,2,4,8,16,24} are supported for CE mode A

	LG
	We think {1, 2, 4, 8, 16, 24} can be supported

	CATT
	{1, 2, 4, 8, 16, 24} are supported.

	Ericsson
	{1, 2, 4, 8, 16, 24} are supported. L=1 is only applicable for CE mode A (or lowest CE level)

	Sony
	{1, 2, 4, 8, 16, 24} can be supported in Mode A.  For Mode B only AL=24 is supported.

	Samsung
	No need to support L=1 – M-PDCCH has ~6 dB loss relative to EPDCCH – avoid useless blind decodings. 

	Intel
	Agree with Samsung: L=1 may not be very useful and can be removed.

	ZTE
	{1, 2, 4, 8, 16, 24} are supported.

	QC
	L=1 should be supported at least for case A (same as legacy). We agree on the other values. 

	Nokia
	We share the same view as Sony.

	Huawei,HiSilicon
	For CE mode A: L={2, 4, 8, 16}

For CE mode B: L={8,16,24}

	MediaTek
	For CE mode A: AL={2, 4, 8, 16, 24}. AL=1 is not supported.
For CE mode B: AL= 24

	InterDigital
	For CE mode A: AL = {1, 2, 4, 8, 16}

For CE mode B: AL = {8, 16, 24}

	Lenovo
	We envision three configuration classes of M-PDCCH search space:

1. M-PDCCH configuration class 1: in this case, the existing EPDCCH search space definition is reused;

2. M-PDCCH configuration class 2: in this case, the existing EPDCCH AL=8 and AL=16 is supported; in additional, two candidates for each (L=24, R) are supported for R=1,2,4…,Rmax/2; one candidate is supported for (L=24, R=Rmax). The Rmax value can be {1, 2, 4, 8, 16, 32}.

3. M-PDCCH configuration class 3: in this case, two candidates for each (L=24, R) are supported for R=8, 16,…,Rmax/2; one candidate is supported for (L=24, R=Rmax). The Rmax value can be {8, 16, 32, 64, 128, 256}.


Q7: What is the candidate value of R supported in the specification? For example, {1, 2, 4, 8, 16, 32, 62, 128, 256}?
	Company
	Comments

	Panasonic
	{1, 2, 4, 8, 16, 32, 62, 128, 256} are supported.

	DOCOMO
	· Do not have strong view

	LG
	{1, 2, 4, 8, 16, 32, 62, 128, 256} are supported.

	CATT
	We do not have a strong view. BTW, should 62 be 64?

	Ericsson
	R({1, 2, 4, 8, 16, 32, 64, 128, 256} are supported.

	Sony
	{1, 2, 4, 8, 16, 32, 64, 128, 256} are supported. The R values actually used in a CE level are a subset of this set of levels.

Agree with CATT about the “62” typo.

	Samsung
	Need for 256 is not clear – a subset is configured by SIB per CE level for CSS (e.g. for random access related M-PDCCH) and by RRC for USS

	Intel
	OK with proposal but also open to further discussion on whether we need to support 256 (we would expect a UE requiring 64+ repetitions would not be addressed using AL < 24).

	ZTE
	{1, 2, 4, 8, 16, 32, 64, 128, 256} are supported.

	QC
	We are ok with the proposed range of {1, 2, 4, 8, 16, 32, 62, 128, 256}

	Nokia
	{1, 2, 4, 8, 16, 32, 64, 128, 256} are supported.

	Huawei,HiSilicon
	Prefer {1, 5, 10, 20, 40, 80, 160, 320} considering TDD UL-DL switch.

	MediaTek
	For downlink repetition, it could be OK. For uplink repetition, we prefer the smaller granularity.  At least in the large repetition case in uplink, the smaller granularity can support the effective uplink repetition adaptation for UE power saving.

	InterDigital
	{1, 2, 4, 8, 16, 32, 64, 128, 256} are supported

	Lenovo
	{1, 2, 4, 8, 16, 32, 64, 128, 256} are supported, but different M-PDCCH configuration classes may be configured with a subset of these values.


Q8: When UE is decoding USS, does UE also decode and/or buffer CSS? For example, other CSS could be different search space in the same narrowband or other CSS could be different subframes of potential different narrowband? What is the usage of other CSS usage? For example, DCI format 3/3A equivalent functionality and/or fall back mechanism on the misalignment?
	Company
	Comments

	Panasonic
	When UE has the configuration of USS, the same narrowband usage as USS but the choice of eCCEs (as the function of RNTI) is common among UEs. The starting subframes may be different from USS. 

	DOCOMO
	· Monitoring CSS when decoding USS
· Not so clear about the question. On our side, there are two interpretations in the question. The first one is receiving USS and CSS simultaneously in the same subframe. The other one is during the period of monitoring USS, e.g. UE is in RRC-connected mode can UE detect CSS. And UE could monitor one of them based on priority or some TDM pattern. 

	LG
	We think CSS can be supported in the same narrowband to USS. The starting subframe of CSS can be different (e.g., TDM between USS and CSS) to minimize the increase of UE blind decoding complexity. 

	CATT
	Our understanding about this question is that whether UE needs to support monitoring CSS and USS simultaneously. We think UE does not need to monitor CSS and USS simultaneously. 

	Ericsson
	This question seems to be related to simultaneous reception of unicast and broadcast. It has been agreed that “UE is not required to support simultaneous reception of a transport block for unicast transmission and a transport block for broadcast transmission in a subframe at least for Rel-13 low complexity UE.” Thus simultaneous decoding of USS and CSS is not required.

	Sony
	It is unclear if CSS is required in connected mode.  If so, CSS and USS should be TDM.

	Samsung
	No need for simultaneous detection of DCI formats conveyed by respective M-PDCCHs that are transmitted in different narrowbands. The notion of CSS or USS is not appropriate for this question. The only issue is whether the UE needs to suspend monitoring USS in order to monitor UE-common DCI – this is not needed.

	Intel
	Agree with CATT, Ericsson and Sony – no need to support simultaneous monitoring of UESS and CSS. 

	ZTE
	For non-contention random access, the 2nd CSS should continue to be monitored after reception of PDSCH carrying RRCConnectionSetup. 
The 3rd SS should continue to be monitored after reception of PDSCH carrying RRCConnectionSetup if RRC reconfiguration is supported. After RRCConnectionSetup, UE should monitor USS first if the 3rd SS and USS are in different narrowbands of the same subframe.

	QC
	It is important to keep a reasonable number of blind decodes. Besides msg2 and potentially msg4, the need for CSS for 3/3A and fallback requires further discussion. The handling of CSS and USS can be discussed when the use cases for CSS are more clear.

	Nokia
	We think the CSS and USS can be overlapped (in time domain), which is similar as legacy search space design. 

	Huawei,HiSilicon
	Agree with some other companies above – no need to support simultaneous monitoring of USS and CSS.

	MediaTek
	The connected UE is not required to monitor paging anymore. So it seems no need to monitor USS and CSS simultaneously. Otherwise, it only increases the UE complexity for monitoring.

	InterDigital
	Same question with some companies here, it is unclear that the use case of CSS other than RACH and paging.

	Lenovo
	An eMTC UE does not monitor USS and CSS at the same time


Q9: What is the relation between "starting subframes of UE-SS" and maxim number of R in the search space? There seems following options are at least identified. What is your preference? If your preferred option is not listed, could you elaborate it? 
Option 1: The periodicity of starting subframes of UE-SS is same as maximum number of R. 

Option 2: The periodicity of starting subframes of UE-SS can be longer than maximum number of R. One SS occurs after the starting subframe of UE-SS. 

Option 3: The periodicity of starting subframes of UE-SS can be longer than maximum number of R. Search space operation continues until next starting subframe of SS. 
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	Company
	Comments

	Panasonic
	Our preference is option 3. Starting subframe configurations are usually aligned with DRX configuration but it is up to the network operation. 

	DOCOMO
	· Our preference is Option 1
· Not so clear about the motivation of Option 2 and Option 3

	LG
	We are okay with Option 2 or Option 3. In general, Option 2 can provide more flexible TDM among different UEs, yet, this may restrict network flexibility. In that sense, Option 3 to address alignment between starting subframes, length of valid subframe configuration, etc is also okay. 

	CATT
	We prefer option 2.

	Ericsson
	Option 2 is preferred in general, while Option 1 can be a special case of Option 2.
Additionally, we need to consider the timing relationship between end of a PUSCH and the start subframe of associated M-PDCCH that carries ACK/NACK. 

	Sony
	Does Option 2 have a fixed gap between two starting subframe whilst Option 3 does not?  Option 2/3 is useful in Mode B where the gap is configurable.  Option 1 is preferable in Mode A to enable peak throughput to be achieved.

	Samsung
	The issue is not clear to us – similar overall understanding with Panasonic. There may be some confusion of what is starting SFs or monitoring SFs. Starting SFs should depend on R for an M-PDCCH candidate. For example, for R=1, every (valid) SF is a starting, for R=2 every other SF is a starting SF, etc. – i.e. none of the above options applies. Monitoring SFs are of course non-DRX SFs. Whether they should be further restricted can be further discussed (of course, some SFs can be by default non-monitoring ones such as when a HD-FDD UE is transmitting, when a UE is receiving PDSCH over 6 PRBs, etc.).

	Intel
	Slight preference for Option 3; fine with Option 2 as well. 

	ZTE
	Our preference is Option 1

	QC
	We prefer option 3. In our view Option 2 can be realized with other option + DRX, so it is not necessary. Option 1 and 3 are somehow similar. It should be noted that Option 1 may not be desirable because of irregular repetition pattern (e.g. due to subframe availability) that cause starting subframe not to align with SFN boundary or radio frame boundary. Option 3 looks simpler, and starting subframe of SS can be also implicitly obtained. Also, Option 3 looks easier to realize and align with SI change boundary (in case the subframe availability changes, for example) and DRX cycles.

	Nokia
	Option 2 is preferred. For eMTC UE, it doesn’t need to monitor M-PDCCH in all DL  subframes. With option 2, the effect of DRX is autonomously enabled without higher layer signalling.

	Huawei,HiSilicon
	We prefer option 2, and the periodicity of starting subframe of USS is configurable.

	MediaTek
	Option 2 is preferred for simplicity.

	InterDigital
	Option 2 is preferred.

	Lenovo
	Our preference is option 1.


Q10. On the email discussion on transmission set configuration, at least two options are identified. Which one is your preference? If your preferred option is not listed, could you elaborate it?
- Option 1: transmission type (= distributed or localized) is per PRB set. Number of PRB pair is {2, 4} for per PRB set. Resource block assignment is per PRB set. The number of PRB set per UE is also configured as additional row. 24 eCCEs is supported only when both transmission types are same. 

- Option 2: transmission type (= distributed or localized) is per UE. Number of PRB pair is {2, 4, 2+4}. Resource block assignment is per UE (2+4 is complemental relation). If number of PRB pair is {2+4}, it means two PRB-sets are used for 24 eCCEs realization.
	Company
	Comments

	Panasonic
	Our preference is option 2 as it can minimize the amount of the signalling and test cases. We don't think two PRB sets are overlapped is essential configurations.

	DOCOMO
	· We slightly prefer Option 2

	LG
	We prefer similar option to Option 1. In our view, still two EPDCCH sets can be configured (though we do not think always explicit configuration to support 24 ECCEs is necessary) with different transmission type when 24 ECCEs is not needed. In terms of monitoring 24 ECCEs (or 2+4), one bit additional signalling can be considered. 

	CATT
	We prefer option 2.

	Ericsson
	Similar view as LG: prefer Option 1.  Two EPDCCH sets can be configured with different transmission type when 24 ECCEs is not configured. For monitoring 24 ECCEs, extra signalling is needed to indicate combining two sets of 2 PRB and 4 PRB.

For Option 2: does “Resource block assignment is per UE” mean that 2 and 4 cannot be non-complementary? That is, 2 PRB set and 4 PRB set have to be complementary always, even when 24 ECCE is not configured. 

	Sony
	I believe we already agreed to have Option 2.  That is transmission type is per UE.

	Samsung
	Transmission type is per UE. Option 2.

	Intel
	Prefer Option 2: M-PDCCH Transmission type is per UE. Agree with Panasonic that there is no strong motivation to support 2 overlapped PRB sets and a single RB assignment (within the PRB set) corresponding to 2 or 4 PRBs is provided to the UE.

	ZTE
	Transmission type is per UE.

	QC
	The current agreement is “A UE is configured with either localized or distributed M-PDCCH, regardless of one or two M-PDCCH resource sets”, so it would be option 2. In our understanding, if UE is in enhanced coverage, the L=24 ECCE is always monitored, regardless of the PRB configuration. 


	Nokia
	We also think option 2 was already agreed.

One comment for clarification, for the case of  PRB set (2+4), does that mean the ECCE mapping is from 2 PRB set first, then followed by 4PRB set? Anyway the mapping needs to be determined.

	Huawei,HiSilicon
	Prefer option 2. When number of PRB pair is {2+4}, one set can be derived from another configured set (i.e., two sets are complementary)

	MediaTek
	Option 2 has been agreed early to our understanding.

	InterDigital
	The agreement applies for 24 ECCE case only and we didn’t agree yet if AL=24 is only used for enhanced coverage. Therefore, option 1 is still possible. But we are ok with Option 2 as for a simple solution and we don’t see much benefit of having both localized and distributed configurations within a 6 PRB.

	Lenovo
	Our understanding is that transmission type (localized vs. distributed) is per UE. It is also possible to configure 2+2. For a UE configured 2+4, it is also possible to follow the existing EPDCCH behaviour when 2 PRB sets are configured and candidate is defined per PRB set.


4 Discussion related to the proposals
Q1 --------------------------

Option 1 is to reduce the complexity and option 2 is for more opportunities for scheduling. Then the debate is complexity is priority or opportunities is priority.

Aris and Matthew seems no to agree the complexity of LLR buffer. My understanding is following. Example of 2 repetitions and 4 repetitions case. At the subframe 1 and subframe 2, there are no difference of two options. At the subframe 3, UE has the buffer for previous 2 subframes for 4 repetitions. The new received subframe 3 information can be accumulated for 4 repetition decoding but separately buffer for 2 repetition of subframe 3 and 4 in option 2. In option 1, only 1 buffer for 4 repetitions are required. As pointed out by Yufei, figure of option 2 is three times buffer. As R can take 2 bits, if fully option2 are used, 4 times buffer is required in option 2 compared with option 1. But as Shin said, HARQ buffer memory may be borrowed.

On Matthew's point of blocking of option 1, my understanding is this can be addressed by FDM among UEs when "L" is lower and/or to have the offset among UEs on the starting positions. 

I think option 1 for mode A and option 2 for mode B are good compromise of two contradicting requirement. 

Whether this is per UE or per SS is not so obvious from the replies but seeing the reply Q8, it may be said that it is per UE. 

In option 2 is supported, it would be FFS on how many lower repetition levels can be started. Shin/Sony replied good figure in Q4. 

My proposal is following.

In CE mode A, any lower repetition level of the UE does not start during the maximum number of the repetition 

In CE mode B, lower repetition level starts during the maximum number of the repetition. FFS on how many parallel repetition buffer is required. 

[Samsung]: Assuming that the tree-based structure is maintained for the search space design in case of no repetitions for mode A, there is no material gain in LLR buffering from option 1. It was also surprising to see that companies proposing option 1 also proposed to have AL = 1 ECCE for mode A despite being useless for almost all UEs (this may also require most buffering). Further, LLR buffering requirements are not significant for DCI formats (e.g. only a small fraction than for SIBbis or for data TBs). There is no good reason to differentiate the tree-based design for mode A depending on whether there are repetitions and to also differentiate it from mode B. We would prefer to have further discussion on Q1. 

Suz 01) The way of the buffering assumption may be different. Do you assume LLR buffer is after de-rate matching in order to reduce the memory caused by the repetition in frequency domain and then its data is accumulated over the subframe? In such assumption, AL=1 ECCE would requires more buffers. I rather assumed LLR buffer is before de-rate matching in order to support different rate matching for different aggregation levels. Then AL=1 ECCE is not specific complexity from memory perspective. Although final way of the implementation is up to UE implementation, which one is more reasonable as the assumption seems required discussion. Note that this buffer is after channel estimation. How to manage the buffer before channel estimation are another discussion related to symbol combining or LLR combining over Ych and but it would be more related to mode B.

Suz 01) As the possible agreement for now, probably ok for at least CE mode B for you? Then it could be following.

In CE mode A, FFS whether lower repetition level starts during the maximum number of the repetition. 

In CE mode B, lower repetition level starts during the maximum number of the repetition. FFS on how many parallel repetition buffer is required. 

On the other hand, people who prefers option 1 always may not agree this. Let's see. 
[Samsung2]: This is OK with me. My assumption with reference to LLR buffers is that they are after demodulation and rate matching at the receiver. I also assume a parallel bank of decoders for all ALs supported for R=1 (hence, multiple LLR buffers after demodulation/rate-matching). 

[InterDigital] Ok with old or new proposals.

[Lenovo]: Our preferencce is to have option 2 for both Mode A and Mode B. The revised proposal is OK to us.

[LG] I assume this is mainly for USS. We have some reservation on agreeing CE mode B without clear understanding on CE mode A. We prefer to support Option 1 in CE mode A as scheduling flexibility can be avoided by different aggregation levels in CE mode A (more flexible compared to CE mode B) while not increasing UE BD complexity/LLR buffer requirement. Is it okay to agree the initial proposal as it seems a compromise proposal. Otherwise, we like to come back on this issue in the next meeting.  
Suz 02) On the difference between LLR buffer before de-rate matching and after de-rate matching, I calculated it as following. 
In case of before de-rate matching, the buffer is same as physical channel bits. So (12x13-16)x6x2=1680 words.

In case of after de-rate matching, the buffer is (DCI size )x( the number of BD trials ) x 3 words.

If DCI size is 25 as one possibility, 1680/3/25 = 22.4. If number of BD trials or accumulation of buffers is less than 22.4, the buffer after the de-rate matching can be smaller size. If more than 22.4, the buffer before the de-rate matching is smaller size.

Above calculation is reasonable? 

EPDCCH current number of BDs in USS for one DCI size is 16. If 2 and more DCI sizes are required in mode A, it could be the order of 32 (or less) in a subframe.

So if single DCI size only is the conclusion, it would be to assume the buffer after de-rate matching. Multiple DCI sizes would mean before de-rate matching.

For mode B, seeing the views from companies, the number would be less than 22.4. Then to assume the buffer after de-rate matching seems reasonable.

Then my proposal is like following.

In CE mode A, 

                if more than one DCI size is required as blind detection as total, 

                                any lower repetition level of the UE does not start during the maximum number of the repetition.

                else

                                lower repetition level starts during the maximum number of the repetition. FFS on how many parallel repetition buffer is required.

In CE mode B, lower repetition level starts during the maximum number of the repetition. FFS on how many parallel repetition buffer is required. 

What do you think above?

[Sony]: It looks like the number of parallel repetitions (or the arrangement of the MPDCCH candidates within the search space) is dependent upon the UE buffer.  It also looks like there are different implementation on how things are buffered.  We can either commit the UE to make memory available for buffering of 4 parallel repetition candidates or let the UE indicate how many parallel repetitions it can buffer.
[Sierra] 

Point #1 - I may have a concern for the USS case when the UE is in good coverage (i.e. Mode A). It seems like the proposal would limit the scheduling flexibility for Mode A. e.g. if Rmax=4 in Mode A, a DCI could only be schedule every 4th SF, is that the correct understanding? If yes then since Mode A is used for UEs in Good coverage, this would seriously limit the SFs which the eNB can schedule a DCI which could greatly affect the maximum data rate.

Point #2 – For the 2nd proposal – general OK but we may need to add a note for the paging CSS case b/c RAN2 agreed that the M-PDCCH/DCI will start on the PO SF so the it is not possible for other lower repetitions to start during the higher repetitions since they start at the same time.

Suz 03) Shin: In case that buffering is before the de-rate matching and to minimize the buffer, 4 parallel repetition candidates is only possible when  the minimum repetition length is aligned with the start of the maximum repetition length. If the buffering before the de-rate matching but more parallel processing is assumed, the buffer size is more than twice of physical channel bits. In the past PDSCH discussion of soft buffer, soft buffer size is dimensioned by the physical channel bits than coding rate because the peak rate is higher modulation order and peak rate with lower coding rate is not supported. In eMTC MPDCCH, because of aggressive lower coding rate including the repetition, to have the buffer based on the coding rate can reduce the size depending on the number of BD trials and DCI size. To me, this is interesting situation. I have rather negative view to indicate UE capability of the number of parallel repetition to the network as it complicates the scheduler to handle different capabilities.

Suz 03) Gus: Currently only case 1 is agreed. It means PDSCH starts from the second valid downlink subframe. We haven't discussed how M-PDCCH search space is realized after PDSCH reception. Depending on this, it could be (MPDCCH, decoding subframe, PDSCH, PDSCH, MPDCCH, ... ) or (MPDCCH, decoding subframe, PDSCH, MPDCCH, decoding subframe, PDSCH, ...). If we agree the same subframe scheduling of MPDCCH/PDSCH and/or the behaviour that PDSCH starts just next valid subframe, the peak rate is different. My understanding is the peak rate can be rather independent discussion in above points.

Suz 03) Gus: above is only for USS. CE mode A or B is only defined in RRC_connected. Paging reception in RRC_connected is FFS and even if it is required, it would be by CSS for paging.

[LG 2] I think it would be good to clarify that this applies for USS only. Or, do you intend to agree this applicable for (C)SS as well?
[HW, HiSi]: We agree option 2 may increase the buffer of UE decoding M-PDCCH compared to option 1. But the impact on increasing buffer of option 2 may be very limited.  The LLR combination across different repetition in time domain is similar to that of LLR combination on different ECCEs in frequency domain. Considering the impact of 1R and BW reduction (5~9 dB loss), low ALs should not be useful (especially for AL=1), which can release some buffer for UEs to make LLR combination on time domain.  Besides, As BW reduction is supported, we already obtain about 94% cost saving on Post-FFT data buffer (TR 36.888), which means the baseline cost of Post-FFT data buffer for Rel-13 MTC UE is 6% of that of Cat.1 UE. Further,  as Aris said, the DCI size is small, so the impact on the cost increasing of Rel-13 LC MTC buffer is very marginal (e.g., x% * 6%). 
To solve blocking issue of option 2, if FDM with low ALs is used, too many candidates in frequency domain will be allowed, and which will increase UE’s BD complexity and LLR buffer contrarily.  Moreover, as above said, the repetition number will  be prolonged due to low AL is used, which may not be beneficial for UE’s power consumption. Therefore, we should not compel eNB to always use low AL in CE mode A to solve blocking issue.

Therefore, we also prefer to make further discussion on Q1 to better understand the impacts on buffer cost, flexibility and blind detection, etc.

For M-PDCCH of Paging transmission, option 1 can be considered in view of eNB’s may not transmit M-PDCCH of paging according to UE’s CE level, so option 1 can reduce UE’s detection complexity on M-PDCCH of Paging.
Suz 04) Yunjung: OK to limit for USS  for the lower repetition level starting timing.  CSS(SS) aspect is related to the discussion in Q8.  On the other hand, the complexity of buffering is based on the total, therefore, to count the number of DCI size is as the total at tone time.

Suz 04) Zheng: I understand your view. On the other hand, I interpreted the majority prefers to reduce the size of the buffer here. Therefore, I propose to determine based on the number of DCI size. AL=1 is FFS as proposed.

Suz 04) All: the search space handling after the reception of PDSCH but before the starting subframe of UE-SS is FFS depending on Q9 discussion. If option 2 in Q9 is agreed, probably no MPDCH reception. If option 3 in Q3 is agreed, possibility may be to start search space after PDSCH reception.  I add explicit FFS. This might solve Gus's concern. I add this bullet in the word file.

Q2 -------------------------

Seeing the replies, my proposal is using Debdeep's wording.

Aggregation Levels for UESS:

-              Multiple ALs supported for CE mode A.

-              AL=24 only for CE mode B.

M-PDCCH PRB sets for UESS:

-              RRC configured between 2, 4, 2+4 6.

[Samsung]: OK. But shouldn’t it be “RRC configured between 2, 4, 2+4”?

Suz 01) I agree. 

[InterDigital] We don’t think mandating 6PRB always for CE mode B UESS is necessary. It can be dependent on the total number of PRB configured. But, would be fine with proposals if majority support for the progress.
[Lenovo]: OK with the proposal in principle. One question to clarify is whether it is allowed to configured two M-PDCCH PRB sets 2+2 to an Rel-13 eMTC UE. Another question is if an Rel-13 eMTC UE is configured with two M-PDCCH PRBs sets 2+4, is it allowed to only monitor M-PDCCH candidate separately in each PRB set, e.g. following the EPDCCH design. Our preference for both these two questions is "YES". Please see our detailed response attached. For the second proposal on M-PDCCH PRB sets, perhaps 2+2 can also be included.

[LG] We also like to clarify the proposal. In our view, even for CE mode B, the number of PRB can be configurable (we are fine to assume a default value of 2+4). In case smaller number of PRBs is configured, lower AL needs to be supported. Even when 2+4 is configured, we consider the network has flexibility to configure smaller AL to be monitored as well for scheduling flexibility. We are fine to say AL = 8, 16, 24 are supported in CE mode B, and without any explicit configuration, only AL = 24 is assumed (if 2+4 is configured) is fine to us. Clarification question: do you consider the network can configure 2+4 as one of PRB configuration? In this case, is it independent from possibly two M-PDCCH sets or 2+4 can be indicated only when 2 PRB M-PDCCH set and 4 PRB M-PDCCH set are configured? According to my understanding of the agreements, 2+4 can be enabled only when two M-PDCCH sets of 2/4 PRBs are configured. This also relates to Q10.
Suz 02) In case of 2+4 and the relations are complementary, "Resource block assignment for M-PDCCH" can be only one. If we introduce 2+2, resource block assignment for M-PDCCH needs to be 2 sets in order to indicate where is 2 sets and non-used PRB. Therefore, from my perspective, not prefers to have it. On the other hand, to have the configuration of PRBs but always AL=24 is not so reasonable. If the calculation in Q1 is correct, to support 8 and 16 does not increase the complexity so much. Then how about following?
Aggregation Levels for UESS for CE mode A:

                L = {2, 4, 8, 16, 24}.  FFS on AL=1.

Aggregation Levels for UESS for CE mode B:

                L = { 8, 16, 24}.   

L=8 is supported when 2 or 2+4 PRB pairs are configured.

L=16 is supported when 4 or 2+4 PRB pairs are configured.

L=24 is supported when 2+4 PRB pairs are configured.

M-PDCCH PRB sets for UESS:

-              RRC configured between 2, 4, 2+4

[Sony]: Perhaps we need to clarify whether more than 1 DCI is expected in a search space.  We would prefer at least in Mode A that peak throughput is achieved in both UL and DL and so it would be good if the eNB can schedule an UL and a DL grant in the same subframe to be able to achieve peak throughput.  If we can only have 1 DCI per search space then it may be useful to have a 2+2 configuration where each set (i.e. search space) can contain 1 DCI. Otherwise the 2+2 can be served by a set size of  4.
[Sierra] Looks OK but I agree with Sony’s comment and would be good to confirm that the UE can decode at least one DL grant and one UL grant SF in a SF. 

Suz 03) I think we need some more conditions are required to be clarified on when more than 1 DCI is possible. My understanding is when UE succeeds one of M-PDCCH reception and identify R, UE starts to decodes PDSCH even it is before the maximum repetition length of MPDCCH. Therefore, more than 1 DCI would be possible only when these candidates is less or equal to detected R. I don't have good text for the formulation. Do you have some suggestion? My view is this aspect is rather separate discussion. In my view, 2+2 configuration does not help this topic as it is related to when UE judges to abort M-PDCCH reception based on the successful MPDCCH detection.  
[LG 2] We are not yet clear the motivation of restricting one M-PDCCH set per UE. Is this proposal intending to agree only one M-PDCCH set configurable per UE or still 2+2 or 2+4 (no support of 24 ECCE) M-PDCCH sets are supported? 
[HW, HiSi]: It is fine to allow eNB using 24 ECCEs in CE mode B to shorten the repetition time. However, considering the flexibility of eNB’s scheduling for both legacy UEs and CE UEs (especially in smaller BW), it should be up to eNB’s implementation/configuration whether 24 ECCE is always used or other ALs (e.g., 16 ECCE) can also be configured.
Besides, RAR is feasible and also preferable for us to configure M-PDCCH PRB sets for initial USS. However, RAR should be MAC signalling, so we suggest to make some modification to not preclude the possibility of RAR configuration.

M-PDCCH PRB sets for UESS (not initial USS):

-              RRC configured between 2, 4, 2+4.

Suz 04) Yunjung: Only one configuration is proposed. In case of 2+4, it is 2 sets. In the proposal described in the word file, I merged the discussion in Q10. 2+2 is not intended to be supported.
Suz 04) Zheng: 24 eCCEs are not always configured. I think your "(initial USS)" is same as "USS before RRCConnectionSetup reception". Correct? Then I modified as (FFS for USS before RRCConnectionSetup reception).

Q3 -------------------------
To Matthew, yes, "(and other random access related)" was meant Msg 3 and Msg 4 but SS design for Msg 3 and 4 are not so clear. Therefore, I was invited to the comment. I agree this can be discussed separately.

Seeing the replies, my proposal is following.

Aggregation Levels for CSS for paging:

-              AL=24 only

M-PDCCH PRB sets for CS for paging:

-              2+4 6 PRBs only.

Aggregation Levels for CSS for RAR:

-              CE level specific configuration between "multiple ALs supported" or " AL=24 only"

M-PDCCH PRB sets for CSS for RAR:

-              2+4 6 PRBs only

                FFS on CSS for Msg 3 retransmission.

                FFS on SS for Msg 4 transmission.

[Samsung]: OK – ‘2+4’ PRBs (not 6 PRBs)?
Suz 01) I agree. 

[InterDigital] Same as the Q2 above.

[Lenovo]: We do not see the need to fix 2+4 PRBs and AL=24 for M-PDCCH CSS. In a network where coverage enhancement is not needed/supported, it is reasonable to have M-PDCCH CSS with multiple aggregation levels and without repetition. Please see our detailed comments attached.

[LG] Similar to CE mode B, ALs and PRB set for CSS can be configurable by the network, and as a default, 24 AL can be assumed. 
Suz 02) Then how about following?
CSS for paging:

                                Same design with CE mode B on aggregation levels and PRB sets configuration.

CSS for RAR:

                                CE level specific configuration between "same design with mode A" or "same design with mode B" on aggregation levels and PRB sets configuration.

I'd like to check following is agreeable. If not, let's just set FFS.

CSS for Msg 3 retransmission:

                                Within the same CE level, the same configuration with CSS for RAR on aggregation levels and PRB sets configuration.

SS for Msg 4 transmission:

                                Within the same CE level, the same configuration with CSS for RAR on aggregation levels and PRB sets configuration.

[Sony]: We prefer that for paging the AL=24.  In fact we would prefer a single candidate, i.e. a fixed repetition. Paging is not going to be sent often by the eNB and so using a single candidate would not cause serious blocking issue.  On the other hand UE has to monitor paging at every PO so less blind decode would be preferred.  If we wish to target different CE level, we can either:

1)      Allow early termination of the MPDCCH repetition at specific points corresponding to CE level (can consider eNB indicate where these points are)

2)      Transmit different repetition at different PO

[sierra]  OK for CSS for RAR.

CSS for paging – Yes could accept Suz 02 but we don’t think limiting AL=24 buys anything vs supporting other AL’s since UE would need the complexity/buffering to support other AL for USS Mode A anyway. But as mentioned in Q1 Point#2, for Paging the DCI should ONLY start on the PO SF (as agreed by RAN2) so there is no complexity increase to support a few values of R which provides the eNB some possibility to optimize paging resources.  

We feel Sony’s suggestion of one fixed repetition is problematic. We know that for 15 dB of coverage >6PRBx~40 SF will be needed to send the DCI and even though it is sent rarely, I don’t think we want the eNB to have to use this 6PRB X 30SF each time.  Also Sony’s suggestion of different PO’s is not needed and could make it worse because if we know the DCI always start at the PO SF, the UE would then never need to decode more than one possibility per SF.
Suz 03) Shin: My understanding is one BD trial only or 3 BD trials would not so big power difference. Therefore, I'm ok with the suggestion described in "Suz 02". In addition, it does not conclude yet what "L" combinations are supported in what "R" locations except only Q1 discussion. I think the same design with CE mode B simplify the specification and test effort. 

Suz 03) Gus: I don't think Shin suggested to use always fixed repetition. Both suggestion 1) and 2) can allow shorter M-PDCCH repetition period. To me, explicit indication of R agreement means suggestion 2) is available.

[HW, HiSi]: Thanks. It is fine to separately discuss the SS for Msg3 and 4.  We are ok for the ALs and M-PDCCH RB sets of CSS for paging. For RAR,  if  CE level specific configuration between "multiple ALs supported" is supported, 6 PRB for CSS may not be mandatory.

Suz 04) Zheng: Yes, the current proposal does not mandate 6 PRB configuration.
Q4 -------------------------

To Shin, in high level, 2nd bullet asks whether the set of {L, R} candidate is obtained implicitly or not. It seems option 2 seems ok to majority.

As I replied to Qin Mu before, the first bullet is addressed by Q1 and Q9 but deterministic regardless of valid/invalid subframe seems supported. 

Seeing the replies, my proposal is following. I used Yufei's wording on starting subframe.

- starting subframe is defined with absolute (SFN, subframe) indices regardless of valid/invalid DL subframe.

- The set of {L, R} for USS is implicitly determined based on at least :

- Number of PRB pairs for M-PDCCH, and

–CE level (including no CE)

[Samsung]: OK.
[InterDigital] OK.

[Lenovo]: OK with the first proposal on starting subframe w.r.t. valid/invalid DL subframes. For the second proposal, we agree that the set of (L,R) should be implicitly derived from other configuration parameters, e.g. the M-PDCCH PRB set configuration. We are not sure about the CE level. One alternative is to configure an M-PDCCH class together with an Rmax value. The M-PDCCH PRB set configuration, together with the M-PDCCH class number and the value of Rmax, would determine the set of (L, R) values implicitly.  

[LG] OK
Suz 02) Second bullet point on CE level would be related to the default configuration discussion. I'm also assuming Rmax value is used for the determination. If above Q2 and Q3 are agreeable, following may be possibility.
- starting subframe is defined with absolute (SFN, subframe) indices regardless of valid/invalid DL subframe.

- The set of {L, R} for USS is determined based on:

- Number of PRB pairs for M-PDCCH, and

- maximum number of M-PDCCH repetition.

- The default of USS on number of PRB pair and the maximum number of M-PDCCH repetition are same with the configurations of CSS for RAR.

[Sony]: For my clarification, the first bullet refers to the start subframe of the MPDCCH Search Space or the MPDCCH candidates within the search space or both.  On the whether to start on valid/invalid subframe, what is the impact of starting on an invalid subframe vs valid subframe in relation to the total effective repetitions (i.e. total valid subframes with MPDCCH repetitions)?  If UE postpones invalid subframe (i.e. total valid subframes with MPDCCH repetitions is equals to the intended repetition) then this has the same effect of starting on a valid subframe only.  Bullet point 1 seemed to suggest that UE drops the invalid subframe (i.e. total valid subframes with MPDCCH repetitions may be less than what is intended).

On Second bullet, are we expecting a look up table somewhere in the specs? 

[Sierra]  For the 1st bullet, is this just the initial agreement where more specific need to be added? B/C I’m still not sure how UE knows the starting SFN, SF. Are we saying it is fixed based on R or derived also based on UE ID.

For 2nd bullet - Same question as Sony – I guess the MaxR would indicate the set of R’s from a table.

Suz 03) Shin: The first bullet refers the start subframe of the MPDCCH search space. Yes, the impact on valid/invalid subframe is discussed in Q9. I assume UE postpones invalid subframe as agreed before. 

Suz 03) Gus: Yes, more specific agreement is required. One of example is Aris mentioned in the word file. I assume "B/C" of your usage is "because". Maximum R only would not be sufficient to obtain the start subframe of the MPDCCH search space as it needs to take into account the number of invalid subframe. It may be explicit signalling or may be more elaborated implicit method.

Suz 03) Shin, Gus: Yes, I assume look up table somewhere in the spec but the other way of the expression may be possible.

[HW, HiSi]: For starting subframe, we prefer to use the similar method in current specification to indicate starting subframe. For example, we can similarly use the method for indicating the subframe of CSI-RS  “subframes containing CSI reference signals shall satisfy [image: image15.png](107 +|=, 2| Acg pe)modTg g =0



”.  

For set of {L, R} for USS, we prefer to use explicitly signalling, which is beneficial for eNB’s scheduling flexibility and favourable to manage the number of M-PDCCH BD for certain UEs (e.g., UEs of running out of power). 

Suz 04) Zheng: I have the same image on how to define the starting subframe if we use SFN and subframe indices.  I understand you prefer the explicit signalling of the set of {L,R} but I think scheduling flexibility can be obtained also by implicit method and UE power consumption can be using DRX configuration.
Q5 -------------------------

My question description was not clear enough. 

For CSS for Msg 3 retransmission and SS for Msg 4 needs to discuss separately on what is the relation among SS in random access procedure context.

For the default parameter setting of USS, this also need to discuss separately. 

Then I don't propose anything here for now. Do you see the other part of possible agreement?

[Samsung]: At least that the CE level (set of repetition numbers?) is determined based on the PRACH repetitions number seems agreeable? We will probably need further discussion for the rest.
Suz 01) The PRACH repetition numbers directly determine set of repetition number(s) of CSS for RAR or not is unclear to me. When UL and DL have unbalance like the number of eNB antenna and so on, the required repetitions are not directly determined. For each PRACH level, set of repetition number of CSS for RAR is SIB indicated and which set is used is determined by PRACH level selection seems better to me. This needs some more discussion.

[Samsung2]: I agree. My assumption was that for each PRACH repetition number, a SIBbis will define/map a set of repetition numbers for M-PDCCH/PDSCH related to RAR/Msg3/Msg4/PDSCH with RRCConnectionSetup (will also provide a repetition number for PUCCH). I assumed this was the common understanding.

[InterDigital] Agree with Samsung1/2, I thought it was agreed already that the CE level of RAR (i.e. M-PDCCH CE level) is determined based on the PRACH repetition numbers as time/frequency resource of the M-PDCCH for RAR is determined based on the PRACH resource used. Also, our assumption was that the required parameters for the CSS for RAR in each CE level is provided in SIB already.

[Lenovo]: OK to have futher discussion on this. Our current views are included as attached.

[LG] In our view, set of repetition numbers of Msg 3 retx/Msg4 can be same as the set of repetition numbers of RAR. So far, it is not clear to us whether independent/separate configuration on two set of repetition numbers is needed. However, we are okay to further discuss. 
Suz 02) I tried to have a bit "brave" proposals from Q1 to Q4. The discussion on Q5 may be covered.
[Sony]: whether there is a need for default USS setting depends on when this initial USS is configured.  If it is done at the RAR then there is limitation on flexibility on configuration and perhaps a set of default USS is useful followed by a further reconfig.  If it is done at Msg 4 or after Msg 4 then full flexibility is possible and no need for a default USS setting.  Also it seemed that this is separate SS to those for Msg3/Msg4 (i.e. 3rd SS) then for my clarification, what is this initial USS use for?
[Sierra] Agree with Samsung 1 and 2

Suz 03) From RRC protocol perspective, USS is only after the reception of RRCConnectionSetup. If this definition is differentiated, what is RRC_connected and what is RRC_idle can be new definition and I worry this. The proposal of SS indicated by RAR is rather "dedicated SS" but not USS as it does not receive RRCConnectionSetup and the network does not identify UE itself as it is before message 3. 

Suz 03) RRCConnectionSetup should have the full flexibility but to have the default would reduce the amount of the dedicated signalling.

[HW, HiSi]: According to current TS 36.213, although CSS is used for MSg3 and USS is used for Msg4, we have agreement on SS for Msg3 and Msg4 for MTC in last meeting. So we may not say CSS for Msg3 retx now to avoid inconsistent understanding.  We are fine to the CE level (and corresponding repetition number set) is determined based on the PRACH CE level.
Suz 04) Zheng: I changed from "CSS for Msg3 transmission" to "SS for Msg3 retransmission" in the word file in the proposal 3.

Q6 -------------------------

I think the support of L=1 depends on what is the size of DCI. 

Seeing the replies, my proposal is following.

When UE support multiple ALs, L = {2, 4, 8, 16, 24}.  FFS on AL=1.

When UE support single AL,  L = only 24. 

[Samsung]: OK.
[InterDigital] FFS on AL-1 is ok (but prefer to include it and depends on the DCI size), but it is unclear the proposal. Does it mean that supporting single AL or multiple ALs is a UE capability? A better wording could be, “when a SS include multiple ALs” and “when a SS include a single AL”.. but we are not so sure a single AL is always good for Mode B.

[Lenovo]: We are not sure on the necessity to preclude AL=1. If the eNB can use beamforming, it is still possible to use AL=1. Further, allowing AL=1 would help supporting massive number of MTC UEs. We are also not sure why L={2,4,8,16,24} must be supported at the same time. Further discussion is perhaps needed.

[LG] we are okay to put FFS on AL = 1
Suz 02) I tried to have a bit "brave" proposals from Q1 to Q4. The discussion on Q6 may be covered.
[Sony]: OK with proposal, i.e. ok with FFS on AL=1.
[Sierra ]: OK with proposal and prefer to drop AL=1 

Suz 03) I keep unchanged for now.

[LG 2] in what case, a UE support a single AL? It seems a bit contradicting to Q2? I guess we can delete the second proposal for now. 
[HW, HiSi]: Ok. But the DL loss arising from 1R and BW reduction should also be considered.
Suz 04) Yunjung: I agree it is contradicting. This is covered on the proposal 2. Then no separate prposal.
Suz 04) Zheng: AL=1 is FFS.

Q7 -------------------------
62 was typo of 64. I was a bit confused whether this question is for PDSCH or for MPDCCH. For MPDCCH, 256 would not be required but it was supported majority. My way of the question itself was not so obvious.

To Matthew: In invalid subframe, R is not counted and postponed. Therefore, my understanding is TDD UL-DL switch cannot be taken into account even the multiple or half of radio frame.

Seeing the replies, my proposal is following.

The candidate set of R: M-PDCCH repetition number is {1, 2, 4, 8, 16, 32, 64, 128} FFS: 256

[Samsung]: OK. Also OK for 256 (we questioned it before) if it does not result to more RRC signalling. 
Suz 01) If not useful, not to have it would be better from testing perspective.

[InterDigital] OK. Also fine with 256

[Lenovo]: OK with the proposal but we would like to clarify this is the set supported by specification. For an eMTC UE, depending on the UE's M-PDCCH configuration class, Rmax may take value from a subset of {1,2,4,8,16,32,64,128, FFS256}. 

[LG] Okay. Depending on DCI size used in CE mode B, it is okay to put FFS on 256. 
Suz 02) It seems the same situation can be kept.
The candidate set of R: M-PDCCH repetition number is {1, 2, 4, 8, 16, 32, 64, 128} FFS: 256

[Sony]: OK with proposal.  Dicuss 256 later.
[Sierra ]: OK with proposal. OK with 256
Suz 03) I keep unchanged for now.

[HW, HiSi]: RAN4 had agreed at most two OFDM symbols used for retuning. Considering TDD:  For the retuning from DL -- > DL or  UL -- > DL , an MTC UE can use the legacy control region;  For the retuning from DL -- > UL, although it can use  guard time or UpPTS, there will have impact on TA adjustment or UL transmission within UpPTS. For the retuning from UL -- > UL , if the repetition number has the multiple of half radio frame, an MTC UE can use the DL subframe between UL subframes for the retuning, which will no spec impact considering retuning issue. Therefore, {1, 5, 10, 20, 40, 80, 160, 320} is preferred for us.

Suz 04) Zheng: I described FFS between your proposal and {1,2, 4, ...} in the word file.
Q8 -------------------------

To Yufei, my intention was rather to address DCI format 3/3A and fallback related aspect. 

As there can the reasons other than 3/3A and fallback, I intentionally described this question a bit vague. Then there were different interpretations. Sorry for this. 

Seeing the replies, my proposal is following. 

- No need to support simultaneous monitoring of USS and CSS.

- FFS on DCI format 3/3A and fallback related handling

[Samsung]: OK, with the clarification that CSS refers to paging and random access related M-PDCCH. 

DCI format 3/3A, and possibly a UE-group HARQ-ACK by DCI format, fall under the FFS.
Suz 01) OK. Then following. 

- No need to support simultaneous monitoring of USS and CSS for paging.

- No need to support simultaneous monitoring of USS and (C)SS for random access related procedure.

- FFS on DCI format 3/3A,  fallback or a UE group HARQ-ACK by DCI related handling

[Samsung2]: Thank you. That is fine.
[InterDigital] Ok with new proposal but one clarification, the second bullet include the case that a UE need to monitor USS and CSS when a UE received M-PDCCH order? 

[Lenovo]: Ok with revised proposal.

[LG] Similar question to InterDigital, for initial PRACH related procedure, second bullet is fine. After RRC connection, we like to progress further on DCI format 3/3A and handling of CSS/USS in general. 
Suz 02) I assume M-PDCCH order is same size as unicast DCIs. Then following.
- No need to support simultaneous monitoring of USS and CSS for paging.

- No need to support simultaneous monitoring of USS and (C)SS for random access related procedure (except M-PDCCH order).

- FFS on DCI format 3/3A,  fallback or a UE group HARQ-ACK by DCI related handling

[Sony]: OK with proposal.  I take it the eNB would ensure USS and CSS are TDMed otherwise we still face with the issue of which one to monitor when they collide.
[Sierra]  OK with Proposal

Suz 03) Shin: My understanding is there is no conclusion on the third bullet aspect is TDMed or not. These may be limited to the same narrowband with USS.

[HW, HiSi]: Ok. For CSS now, it is only applied to Paging and RAR rather than random access related procedure.

Suz 04) Zheng: OK, I restricted only for CSS for RAR.
Q9 -------------------------

To Yufei, I think the timing relationship between end of a PUSCH and starting subframe of associated M-PDCCH should be discussed in other context.

To Shin, I didn't understand the meaning of your "gap". The difference of options depends on valid/invalid configuration and starting subframe is deterministic or not.

To Aris, in the email discussion of RRC parameter list, it was clarified the relation between row 20 "starting subframe of UE-SS" and row 21 "UE-SS number of repetitions to search". This question is generalized question of what is the meaning of "starting subframe of UE-SS". So it asks the starting subframe of whole repetitions. 

Seeing the replies, as a rapporteur, I should propose option 2. But I'm not convinced option 2 as a compromise because option 2 means, when starting subframe is deterministic regardless of valid/invalid subframe and depending on the chosen value of R, especially only 1 or 2 invalid subframe, large number of subframes cannot be used as search spaces. I propose to continue the discussion. Is it acceptable?

[Samsung]: OK to continue the discussion. All options, as they are phrased, seem contradictory to option 2 in Q1 - some rephrasing is needed.

At least for Mode A, it is unclear why the legacy behaviour (option 1) where the UE monitors (E)PDCCH in every valid DL subframe (i.e. in non-DRX or non-MBMS subframes) needs to change. For Mode B, it seems option 2 intents to enhance DRX in terms of UE power savings as latency is not critical? OK if this is configurable (i.e. if option 2 can also support option 1).

Suz 01) Probably there may be different thinking here. This question addresses when the maximum repetition of M-PDCCH starts. Q1 addresses when the lower than maximum repetition of M-PDCCH starts. 

Suz 01) In no valid subframes configuration, option 2 can be same as option 1. But if there are some non-valid subframes, option 2 cannot be same as option 1 if starting subframe of SS is deterministic regardless of valid subframe.

Suz 01) If there are buffers before multiple subframe combining, UE monitors M-PDCCH in every valid DL is possible from buffer perspective. The buffer is only available after multiple subframe combining, to monitor M-PDCCH in every valid DL requires additional buffer.

[Samsung2]: Thank you for the clarification. My understanding of option 2 is that it will configure a gap (which can be 0) that is a multiple of the maximum number of repetitions for option 1. Then, whether there are invalid SFs is irrelevant? OK to discuss this further and whether anything other than option 1 is needed.
[InterDigital] OK.
[Lenovo]: OK with further discussion.

[LG] OK for further discussion. Though, it would be good if we can agree to down-select between Option 2 and 3 in the next meeting. 
Suz 02) Aris, if no invalid subframe is configured, to me, no need to configure the gap for the alignment of starting subframe is defined with absolute (SFN, subframe). Let's see whether to limit option 2 and 3.
The relation between starting subframes and maximum number of R are FFS between

Option 2: The periodicity of starting subframes of UE-SS can be longer than maximum number of R. One SS occurs after the starting subframe of UE-SS. 

Option 3: The periodicity of starting subframes of UE-SS can be longer than maximum number of R. Search space operation continues until next starting subframe of SS.

[Sony]: I have same understand as [Samsung2] regarding the question.  At least o me it was not obvious that the different options relates to valid/invalid subframe, perhaps we can benefit from a bit more discussion.  For clarification, does Option 2 means that we postpone invalid subframe and so the length of the search space occupies more subframe than the largest repetition and hence we need the periodicity to be larger  whilst Option 1, we drop invalid subframe so that the periodicity of the SS is exactly the size of max R?  It seemed that if we use Option 2 we have to ensure the periodicity is large enough to cover all possible invalid subframes.
[Sierra] No comment at this time b/c the proposals and the advantages/disadvantages of each option are unclear – more info please.
Suz 02) Shin: I have the same understanding on the relation between valid/invalid subframe and postpone relation. The periodicity of starting subframes needs to be longer than maximum repetition of R if there is invalid subframe(s). Option 2 is inefficient when only one invalid subframe and the remaining cannot be used as the search space in order to wait the next alignment of SFN/subframe absolute timing. Not to receive certain subframes are controllable by DRX. Therefore, my position is option 3 and I'd like to discuss this further.

[HW, HiSi]: We prefer option 2 and up to eNB’s configuration.

Suz 04) Zheng: I understand your position.
Q10 -------------------------

As 24 eCCEs are always supported or not is already asked in the last RAN1 meeting via offline, I don't think this is agreed topic. 

On the other hand, seeing replies, it seems majority is option 2. Then I propose following.

- Transmission type (= distributed or localized) is per UE. 

- Candidate number of PRB pair is {2, 4, 2+4}.  If number of PRB pair is {2+4}, it means two PRB-sets are used for 24 eCCEs realization.

- Resource block assignment is per UE.  When 2+4 PRB pairs, the indication is complemental relation between two sets.

[Samsung]: OK

[InterDigital] Should it be Q10? We are ok with the proposals.

[Lenovo]: Our understanding is that transmission type (localized vs. distributed) is per UE. It is also possible to configure 2+2. For a UE configured 2+4, it is also possible to follow the existing EPDCCH behaviour when 2 PRB sets are configured and candidate is defined per PRB set. This is related to our comment under Q2. 

[LG] though we prefer transmission type per M-PDCCH set, we are okay not to change the agreement for the progress, and configure transmission type per UE. However, as mentioned in Q2, we like to clarify that to support 24 AL, a UE is configured with two M-PDCCH sets (one with 2 PRB, the other with 4 PRB). I am not clear about resource block assignment is per UE. We also think 2+2, even 4+4 may need to be supported depending on the cases. 
Suz 02) On 2+2, see my reply on Q2. On 4+4, it increases the channel estimation complexity compared with 2+4. Equivalent complexity would 8 PRB pairs. Therefore, I'm negative. Yes, 24 AL is only when 2+4 is configured as agreed. Let's see whether the same text is ok or not.
- Transmission type (= distributed or localized) is per UE. 

- Candidate number of PRB pair is {2, 4, 2+4}.  If number of PRB pair is {2+4}, it means two PRB-sets are used for 24 eCCEs realization.

- Resource block assignment is per UE.  When 2+4 PRB pairs, the indication is complemental relation between two sets.

[Sony]: OK with 1st & 2nd bullet.  On last bullet, this suggest we really only have 1 MPDCCH set and 2+4 is really 6?  Perhaps clarify what the last bullet is does this mean that in case of 2+4, the PRB belonging to 2 and the PRBs belonging to 4 are fixed, ie, only 1 configuration (e.g. 1st & 2nd PRB = 2 and 3rd, 4th, 5th & 6th PRBs = 4)?
[Sierra] OK
Suz 02) Shin: Where is the first PRB set and where is the second PRB set can be indicated by "Resource block assignment for M-PDCCH", where the indication of bitmap by completely relations of two sets. 

[HW, HiSi]: Ok
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