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1 Introduction

This Tdoc provides the contents of an informal discussion on remaining PDSCH issues for Rel-13 eMTC based on comments received by midday 13th November 2015.
The document also provides the discussion’s facilitators summary of the email discussion and highlights those issues that are close to agreement and those issues (green highlight) that will probably require more discussion (yellow highlight).
2 Discussion
Issue 1: Support of VRB of distributed type

Question: Should VRB of distributed type be supported?
	Company
	Comments

	Sequans Communications
	No need. Relying on frequency hopping pattern is enough to achieve diversity.   

	Ericsson
	VRB of distributed type is not supported (since the UE bandwidth is only 6 PRBs).

	Samsung
	Agree with E/// and Sequans

	Sony
	No need to support VRB in the limited bandwidth available.

	Nokia
	No need to support VRB of distributed type

	NEC
	Not needed. FH can provide diversity gain.

	LG
	Agree with E///

	Intel
	No need considering 6-PRB restriction

	Panasonic
	No need to support VRB of distributed type but non-continuous allocation within 6 PRBs are supported. See the reply in the issue 2. 

	ZTE
	No need to support

	CATT
	No need to support VRB of distributed type

	QC
	Not needed

	ALU
	Not needed.

	MediaTek
	No need to support. Diversity gain within 6 PRB pairs is quite limited.

	Huawei, HiSilicon
	It is a bit confusing to separate this properly from Issue 2, since no support for VRB implies incomplete support for RA Type 2. It should be supported to have discontiguous resource allocation within a NB.


Issue 2: DL resource allocation types

Question: Should DL resource allocation types 0/1/2 all be supported or only a subset?
	Company
	Comments

	Sequans Communications
	Supporting only bitmap-based resource allocation with RA type 0 is ok. This can be applied for both CE modes 

	Ericsson
	For CE mode A, only allocation type 0 is supported.

For CE mode B, 6 PRBs are always used, thus no signaling of allocation required.

	Samsung
	Only type 2 for Mode A. FFS for Mode B depending on other decisions (current view is always 6 PRBs)

	Sony
	Mode A: only resource allocation type 0 is OK. 

Mode B: no resource allocation in necessary. The UE can be implicitly allocated all 6 PRBs in the narrowband 

	Nokia
	CE mode A – support only type 0
CE mode B – 6 PRBs are always used

	NEC
	Legacy Type 2 (in addition narrowband index and Type 2 can be jointly encoded to reduce the overhead further)

	LG
	For CE Mode A, Type 2 LVRB can be applied for PDSCH resource allocation. Bitmap with Type 0 is fine as well. For CE Mode B, PDSCH can be always transmitted using 6 PRBs.

	Intel
	Type 0 RA for CE mode A; always use 6 PRBs for CE mode B

	Panasonic
	CE mode A – only type 2 is supported. RIV#0 to RIV#20 are used for contiguous allocation. RIV#21 to #30 are used for non-continuous PRB allocation, as shown in figure below. Details are described in our contribution R1-156946.
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CE mode B – 6 PRBs are always used.



	ZTE
	CE mode A: Type 0 RA 
CE mode B: always use 6 PRBs 

	CATT
	CE Mode A: Either Type 0 RA or Type 2 RA.

CE Mode B: Always use 6 PRBs.

	QC
	Support type 0 for both modes.

	ALU
	CE mode A: Type 0 RA 
CE mode B: always use 6 PRBs

	MediaTek
	For CE Mode A, type 0 RA is slightly preferred.

For CE Mode B, it depends on the discussion, e.g., synchronous UL HARQ and simultaneous UL/DL transmission. If synchronous UL HARQ is supported, 4 PRBs and 6 PRBs allocations are supported so that it is possible to allocate 2 PRB for UL HARQ ACK/NACK. If so, type 2 or simiplfied RA would be enough.

	Huawei, HiSilicon
	For CE Mode A, 6 bit bitmap provides more flexibility. For CE Mode B, the number of bits may be reduced however we still would like to have the possibility of using less than 6 PRBs.


Issue 3: Support of peak rates with cross-subframe or same-subframe scheduling
In RAN1#80bis it is agreed that:

· For a Rel-13 low complexity UE not operating coverage enhancements:
· Multiplexing of ‘Physical downlink control channel for MTC’ and un-associated PDSCH in the same subframe to the same UE is supported.

· When the UE is not required to retune to other narrowband region due to monitoring of PSS/SSS, PBCH, SIB, paging occasion, etc.,

i. In FD-FDD, the UE can receive PDSCH and transmit PUSCH in every subframe.

ii. In TDD, the UE can either receive PDSCH or transmit PUSCH in every subframe.

iii. In HD-FDD, the UE can either receive PDSCH or transmit PUSCH in most subframes (i.e. more than half of the subframes).

In RAN1#82 the following working assumption was concluded:

Working Assumption: Same-subframe scheduling for PDSCH (i.e., the one associated with an M-PDCCH in the same subframe) for LC-MTC UEs is NOT supported same-subframe
Question: How should the RAN1#80bis and RAN1#82 agreements / working assumptions be reconciled?
· Option 1: Do NOT confirm the following WA (i.e. allow same subframe scheduling in non-repetition case):

· Option 2: Increase the number of DL HARQ processes to 10

· Option 3: Reduce the eNB processing time between receiving a HARQ Feedback (PUCCH) and transmitting a PDSCH
· Option 4: Other method. Please detail.

	Company
	Comments

	Sequans Communications
	DL peak rate for HD-FDD (currently limited to 300kbps) prefer option 4 with ACK-NACK bundling. 
UL peak rate for HD-FDD (currently limited to 375kbps) can  be increased with modified value of k 

	Ericsson
	We are open to consider a higher number of PDSCH HARQ processes (e.g. 10) in FD-FDD, especially if it can be done without increasing the soft buffer size, i.e. Option 2.

We are a bit concerned that HARQ-ACK bundling may become complicated in HD-FDD compared to TDD (considering that HD-FDD does not have TDD’s fixed UL-DL subframe configurations).

	Samsung
	OK with HARQ-ACK bundling - defining UL-DL configurations for HD-FDD or using multi-subframe scheduling are possible options. May have to postpone for a later release. 

	Sony
	Achieving the peak rates is very important for a broad range of non-smart meter devices. To achieve this, in order of highest preference first, we think the following options are feasible:
· Option 1: our analysis shows same-subframe scheduling to be less complex than cross-subframe scheduling and it straightforwardly allows peak rates to be achieved. The working assumption was made on the basis of a complexity argument which our analysis does not agree with.

· Option 2. We agree with E/// that we should not increase soft buffer size in increasing the number of HARQ processes to 10.  We can operate 10 HARQ processes with limited buffer rate matching (i.e. at a higher coding rate).  However, it is also important that the cell edge of CE Mode A is robust and maintain the low coding rate.  One way is to operate only with 10 HARQ processes with limited buffer rate matching when the radio condition is good and switch to 8 HARQ processes with full buffer rate matching when the radio condition is poor.
· Option 4: reduce UE processing time (PDSCH to PUCCH) to 1 subframe. This is compatible complexity-wise with other decisions that have been made in RAN1. Option 3 or some mix between options 3 and 4 would also be OK.

OK with HARQ ACK/NACK bundling for HD-FDD. Details would need to be defined which might be challenging in the Rel-13 timescales

	Nokia
	We prefer Option 2.

	NEC
	FFS: But, if increasing peak data rate is so important for Rel-13 then Option 2 is preferable.

	LG
	For UEs with no repetition, there was an agreement that same max number of DL and UL HARQ processes as for Cat-0 UE in Rel-12 for HD-FDD and FD-FDD. This agreement should be kept and the WA regarding on not supporting same-subframe scheduling can be confirmed. For HD-FDD, HARQ-ACK bundling or relaxation of HARQ timing is okay. For FD-FDD, we do not think any further handling is necessary to achieve the peak data rate as it could increase UE complexity. Increasing HARQ processes, in our view, require soft buffer size increase. Without soft buffer increase, it’s not clear how it can increase the peak data rate. 

	Intel
	Confirm current WA considering UE complexity increase. For HD-FDD, technically OK with HARQ-ACK bundling support for HD-FDD but, as mentioned by others, we may not have sufficient time.
Regarding the option of increasing number of DL HARQ processes to 10, we would be open to this option provided we assume limited buffer rate matching  (LBRM) for Rel-13 LC MTC for all cases to limit soft buffer size and thus, aid UE cost/complexity reduction. As was demonstrated in our paper from Rel-12 (R1-142024), there is a negligible (if at all) performance impact from LBRM compared to FBRM while providing significant benefits in terms of reducing soft buffer size.

	Panasonic
	We prefer option 1. The 2bits in the DCI indicates [same subframe, 1(cross subframe scheduling), 2 (cross subframe scheduling), 4 (cross subframe scheduling)] assuming the maximum number of PDSCH is 4.

	ZTE
	Same as Rel-12, no need to increase the number of DL HARQ processes. For mode A, peak data rare reduction for cross-subframe scheduling is acceptable.

Confirm WA. No significant issues are found especially regarding the number of HARQ processes.

	CATT
	We think option 2 is the simplest solution to achieve DL peak data rate for FD-FDD. Note that we have already agreed that soft buffer management is based on a maximum of 8 DL HARQ processes as in Rel-8. Therefore, increasing the number of DL HARQ processes to 10 would not increase UE soft buffer size.

For HD-FDD, either relaxed HARQ timing or ACK/NACK bundling/multiplexing can be considered to increase DL peak data rate.

	QC
	Ideally, we should support same subframe scheduling. This is beneficial to reach peak data rate for users in good coverage. So option 1 is preferred.

	ALU
	We prefer option 1, i.e. we should support same subframe scheduling.

	MediaTek
	Option 1, i.e., the same-subframe scheduling for the case without repetition is preferred. However it can share the same DCI as cross-subframe scheduling by setting the narrow band index to itself.

Option 2 of increasing HARQ process number will cause the reduced buffer per process (keeping the same total buffer). It may decrease the supported TBS (i.e., TBS < 1000bits), i.e., peak data rate. It is unclear on the performance impact using LBRM.

To be noticed, there is a difference between peak data rate and peak throughput.

	Huawei, HiSilicon
	Option 4.  Option 2 may increase the UE soft buffer or place other limitations on TrBlk support, and may have impact on HARQ timing for both LC and normal-complexity UEs. Option 3 seems to have more impacts on HARQ timing and has eNB impact to consider especially when large number of LC UEs. To define monitoring subframes of MPDCCH, which is similarly specified for EPDCCH in current LTE, is the best choice in our understanding.

“the UE can receive PDSCH and transmit PUSCH in every subframe” evidently applies only when PDSCH is scheduled in that subframe (by DCI in previous subframes). Otherwise all of the agreements related to invalid DL/UL subframes have a similar interpretation problem. By allowing that MPDCCH is transmitted in known monitored subframes, UE is able to receive (scheduled) PDSCH in each (PDSCH scheduled) subframe. An example below.

DA means DL assignment and DL means PDSCH, case 1 for no repetition case. For PDSCH of sf #0, #1 in the 2nd radio frame, we can resolve the problem by defining (or by default) that MPDCCH is not monitored(transmitted) in sf #8, #9, then it is straightforward that PDSCH is not expected in later subframes. No need to increase HARQ process number or revisit the WA.　
More important, DA3 and DA4 in the figure are also not monitored, unless they are in the same narrowbands as unassociated PDSCH DL1 and DL2. Then you will find more than half of the 8 HARQ PDSCH are significantly delayed, and the peak data rate is significantly reduced even if 10 HARQ processes is supported. The PDSCH is able to be received in each scheduled and consecutive subframe only when DCI indicates the same NB of PDSCH as the higher-layer configured NB of unassociated MPDCCH in this case. However this is definitely not the intention of case 1. We also support case 2 because at least comparing to multiplexing PDSCH and MPDCCH all in the same NB, the NBs of PDSCH in case 2 can be different from MPDCCH. Then we can apply FH for PDSCH to obtain additional gain.

More details in R1-156442.
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	Sierra Wireless
	1st preference is option 2: reject WA and support same SF scheduling and 2nd preference is option 1: “confirm WA”.


Issue 4: Case 2 Cross-subframe scheduling

In RAN1#81 and RAN1#82bis, the following agreements were reached:

· For Rel-13 low complexity UEs in normal and small enhanced coverage, under cross-subframe scheduling,

· Case 1:

· For unicast PDSCH, DCI indicates one of  narrowband  and further indicate resource allocation within narrowband 

· This doesn’t preclude predefined frequency hopping 

· FFS: Details on resource allocation field in DCI 

· FFS: whether and/or how to utilize PRBs not included in any narrowband of 6PRBs

· Case 2:

· FFS: whether and/or how to  define a case (Case 2) that UE can assume PDSCH is scheduled in the same or a known (when frequency hopping is used) narrowband

· k=1

· This doesn’t preclude predefined frequency hopping 

· FFS: how to handle the subframe used for retuning in case of frequency hopping is applied
Question: Should case 2 be defined?
Please indicate whether it should be supported in Mode A, Mode B or both Mode A and Mode B?

On the FFS about handling retuning, we propose the following:

· Proposal: in case of frequency hopping, retuning occurs within 2 OFDM symbols and there is no need for a retuning subframe
Please indicate whether you agree with this proposal, or whether you have an alternative formulation of the proposal.
	Company
	Comments

	Sequans Communications
	Mode B: support case 2, no need for dynamic indication. It can be considered with k=2 just to have unified timing relationship.  
Mode A: generally we support case 2 as a way to increase peak rate, but it is unclear how UE is configured to operate in both cases. 

As an alternative to case 2 in mode A operation, supporting ACK-NACK bundling for HD-FDD with variable k value is maybe easier and provides better gains:

case 2 for mode DL peak rate increases from 300kbps to 333kbps (with legacy timing)
on the other hand, the most conservative ACK-NACK bundling of 4 can provide up to 540kbps. this is not trivial operation either, but if we can agree that UE can be configured with fixed UL-DL pattern it may solve the issue, including invalid subframes  

	Ericsson
	We see no need to support Case 2, i.e. it should not be possible to schedule the UE to the same or a known narrowband without DCI indication for Rel-13 low complexity UEs in normal and small enhanced coverage under cross-subframe scheduling.
We agree with the proposal that in case of frequency hopping, retuning occurs within 2 OFDM symbols and there is no need for a guard subframe.

	Samsung
	No need for case 2 – associated additional UE behavior and testing are not justified by the rather small benefit from case 2. 

Agree with retuning over 2 OFDM symbols.

	Sony
	Mode A: OK not to support case 2. We do still need to support a mode of operation that achieves peak throughput, e.g. through adopting one of the methods in our answer to issue 3.

Mode B: only case 2 is required. No need for case 1 since accurate CSI measurements aren’t available and frequency hopping provides frequency diversity benefits instead of frequency selective scheduling

We are fine with the proposal

	Nokia
	No need to define Case 2. 
For retuning, 2 OFDM symbols are available through legacy control region for DL frequency hopping, no need for retuning subframe.

	NEC
	Do not support Case 2.

	LG
	No support Case 2 for CE mode A at least. Case 1 can be considered for CE mode B to minimize DCI overhead. For retuning, we consider it’s already agreed to use 2 OFDM symbols of legacy control region. 

	Intel
	We are open to considering Case 2 for CE mode B but same timing relationship as in Case 1 between M-PDCCH and PDSCH. The main reason is reduction in DCI size for CE mode B and realization of frequency hopping gains for PDSCH following the frequency hopping used for M-PDCCH.

	Panasonic
	OK to support case 2 for Mode B. No need to support case 2 for mode A. We share the view from Sony. 

We are fine with the proposal. 

	ZTE 
	No need to define case 2.

	CATT
	Considering the UE complexity, we prefer to not support case 2 in CE mode A. In CE mode B, only case 2 is supported. We are fine with the proposal on retuning handling.

	QC
	We should support same subframe scheduling to get the peak rate for Mode A. Then we don’t need to specify case 2.  

	ALU
	Same view as QC.

	MediaTek
	No support for case 2, especially if the same-subframe scheduling can be supported.

	Huawei, HiSilicon
	Yes, see Q3 reply.

	Sierra Wireless
	No case 2 support for mode A or mode B.


Issue 5: Number of TDD HARQ processes in case of no repetition
Question: Which option should be used for the number of TDD HARQ processes?

i. Option 1: The number of TDD DL HARQ processes under cross-subframe scheduling in case of no repetition are as follows

	TDD UL/DL configuration
	Maximum number of HARQ processes

	0
	6

	1
	9

	2
	12

	3
	11

	4
	14

	5
	16

	6
	8


ii. Option 2: In case of no repetition, LC UEs use the same number of TDD DL HARQ processes as per Rel-12
	Company
	Comments

	Sequans Communications
	Prefer to keep option 2. 

	Ericsson
	We are open to consider a higher number of PDSCH HARQ processes in TDD, especially if it can be done without increasing the soft buffer size, i.e. Option 1.

	Samsung
	Neutral.

	Sony 
	TDD should be consistent with FDD in terms of achieving peak throughputs (see Issue 3). 

	Nokia
	Option 1

	LG
	We don’t have a strong preference, but keeping current HARQ process number seems ok.

	Intel
	As mentioned for the FDD/HD-FDD cases, we can be OK with Option 1 if we assume LBRM is assumed for soft buffer calculations for all cases.

	Panasonic
	Option 2 is our preference but can compromise with option 1 if it is majority view. 

	ZTE
	Prefer Option 2. Similar to FDD, impact on peak data rate caused by number of HARQ processed is acceptable.  

	CATT
	Option 1. Note that for TDD, there is no spec impact on DCI design as there are 4 bits currently in DCI indicating the HARQ process number.

	QC
	Prefer to keep the same as Rel-12

	ALU
	No strong views.

	MediaTek
	Option 2. But the same-subframe scheduling could be considered to address the concern. 

Option 1 may require the change on the ACK/NACK bundling, which may be complicated for time being.

	Huawei, HiSilicon
	Option 2 – see Q3 reply.


Issue 6: Number of DL and UL HARQ processes in small coverage enhancement

Question: What should be maximum number of DL HARQ process and UL HARQ process for HD-FDD, FD-FDD, and TDD when UE is operating with small coverage enhancement?

	Company
	Comments

	Sequans Communications
	Already agreed to support same maximum number of HARQ processes as Rel-12 for normal coverage. No need to define separately also for small coverage enhancements 

	Ericsson
	The number of DL/UL HARQ processes is the same in the small coverage enhancement case as in the case with no repetition.

	Samsung
	Same as for no repetitions (Mode A)

	Sony
	In a search space, we support multiple smaller repetitions in time under a larger one and hence we should ensure that in small coverage there is sufficient memory to store different repetition levels.  We may need to reduce the number of HARQ processes (e.g. to 7) to provide this memory space.

	Nokia 
	Same as with no repetition.

	NEC
	Same as with no repetition case.

	LG
	The maximum HARQ process number for UEs in small CE can be same with UEs in normal coverage. Overall, same number of the maximum HARQ process is supported in same CE Mode.

	Intel
	OK with keeping same values as for no repetitions case (i.e., common behavior for CE mode A) - this is assuming that SI messages in CE mode A can be acquired based on acquisition within a single SI message window.

	Panasonic
	We agree with Nokia i.e. same as no repetition

	ZTE
	Support same maximum number of HARQ processes as Rel-12. For mode A, no need to distinguish no repetition case and small repetition case.

	CATT
	Same as the case of no repetition.

	QC
	Same as no coverage enhancement.

	ALU
	Same as with no repetition case.

	MediaTek
	So far it is unclear on the exact number of small repetition in CE Mode A which could be up to eNB configuration. So the number of HARQ processes may depend on the discussion on the repetition definition for CE mode A.

	Huawei, HiSilicon
	Is the intention to propose a CE Mode C, which lies just inside CE Mode A, and has slightly more optimized behaviour? We’re not sure that is needed from current discussions.


Issue 7: RV cycling within a PDSCH bundle
Question: Should an RV cycling pattern be used within a PDSCH bundle? 

· If yes, should the RV cycling pattern be (0, 2, 3, 1) (i.e., same as PUSCH)?
· Please indicate which CE modes this should apply to.
	Company
	Comments

	Sequans Communications
	Yes, RV cycle within a PDSCH bundle according to the conventional pattern with cycling per repetition. No need to have the same operation as for PUSCH 

	Ericsson
	The same approach is used for PDSCH as for PUSCH. RV cycling pattern is (0, 2, 3, 1) for short PDSCH bundle. In case of longer PDSCH bundle, each RV is repeated during Z subframes where Z is not an explicit configuration parameter.

	Samsung
	OK with RV cycling pattern (0, 2, 3, 1) for both modes.

	Sony
	OK to have RV cycling. 
· For Mode B, RV cycling should allow for symbol combining (hence RV doesn’t change every subframe), i.e. Z > 1.
· For Mode A, Z = 1

	Nokia
	OK to support RV cycling for PDSCH. Same pattern as PUSCH can be used.

	NEC 
	We are fine with RV cycling pattern (0, 2, 3, 1) for both modes.

	LG
	For PDSCH, RV pattern and scrambling sequence can be applied with the same manner of PUSCH for design commonality. Then, RV pattern and scrambling sequence during repetition can be cycled every Z subframe where Z=1 for no or small repetitions and Z>1 for other repetitions. In case of CE Mode A, RV value applied in the first subframe for PDSCH transmission can be indicated by DCI.

	Intel
	Agree with proposal of reusing PUSCH pattern.

	Panasonic
	OK to have RV cycling. To cycle RV for every subframe in CE mode A. In CE mode B, each RV is repeated during Z subframes to allow symbol-level combining. So same view with Sony.

	ZTE
	No strong view

	CATT
	Same RV cycling pattern as PUSCH.

	QC
	{0,2,3,1} should be enough for all bundle sizes. We can also apply the same rule as PUSCH.

	ALU
	OK with RV cycling pattern (0, 2, 3, 1) for both modes.

	MediaTek
	For CE mode A without repetition, RV can be indicated in DCI, i.e., same as legacy operation.

For CE mode A with small repetitions, RV cycling pattern {0,2,3,1} can be applied based on Z=1.

For CE mode B with large repetition, RV cycling pattern {0,2,3,1} is applied based on Z>1 

	Huawei, HiSilicon
	In CE Mode A, RV is indicated by DCI. In CE Mode B, it is not necessarily useful to tie the PDSCH RV to the PUSCH RV, which may be implied by the “i.e.”. But without an explicit tie, {0,2,3,1} is ok.

	Sierra Wireless
	In mode B, repeats could be <=4 so is it still ok to have Z=4 for small repeats?


Issue 8: PRB Bundling
The following agreements allowing cross-PRB channel estimation were agreed in RAN1#80bis and RAN1#81:
· Within subframes for M-PDCCH transmission for UEs operating coverage enhancements, 

· The UE may assume the same precoding matrix per antenna port applies at least on the same PRB for at least X subframes.

· X value and indication are FFS

· This does not preclude dis-continuous transmission for the M-PDCCH

· FFS: The UE may assume the same precoding matrix per antenna port applies on a PRG for at least X subframes.

· FFS: Details on PRG size

Question: Should PRB bundling also be supported for PDSCH?
· If so, please indicate PRG size and method of indication
	Company
	Comments

	Sequans Communications 
	No strong preference 

	Ericsson
	We believe that it is reasonable to have the same support for PRB bundling for DMRS based PDSCH transmission as for M-PDCCH, and we propose to support PRB bundling using the PRG size 3.

	Samsung
	OK with PRB bundling. Fixed PRG size of 3 is OK.

	Sony
	PRB bundling is useful at large coverage enhancement since at large coverage enhancement, frequency tracking is impaired so cross-subframe channel estimation gains are limited in practice.

PRB size = 3. Whether PRB bundling is applied is signalled by RRC.

	Nokia
	No strong preference

	LG
	The PRG size for PRB bundling is related to PRG size for PRB assignment. If granularity of PDSCH scheduling becomes 1 PRB in CE Mode A, PRG size can be 1. In case of CE Mode B, PDSCH can be mapped into 6 PRBs always and PRG size with 2 or 3 PRBs can be applied.

	Intel
	Support PRB bundling. While PRG sizes can be {1, 2, 3, …, # of allocated PRBs}, we would be fine with having a single value of PRG size = 3 (for PDSCH allocation sizes > 3 PRBs) for simplicity.

	Panasonic
	If on/off of PRB bundling is RRC signalling regardless of CE mode A or B, PRG size of 3 is supported. This is the best preference. Alternatively, if on/off of PRB bundling is not supported, CE mode B is always 3 PRG size bundling.

	ZTE
	No strong view. If PRB bundling is supported, current PRG sizes can be used.

	CATT
	Support PRB bundling for PDSCH. Same PRG size as M-PDCCH.

	QC
	This would only apply for TM9. 

	ALU
	No strong view.

	MediaTek
	Similar to M-PDCCH, if PRB bundling is supported, it could be considered only for CE mode B.

In CE mode B if always 6 PRBs are allocated for PDSCH, then 2 PRBs for bundling may be OK while providing the sufficient diversity gain via different precoding matrix for PRBs.

	Huawei, HiSilicon
	We need to consider in which CE mode(s) PDSCH uses PRB bundling and how the PRB assignment is determined. For example, in the case that 4 PRB are assigned, we bundle which 3 PRBs and how to let UE know this.


Issue 9: “X” value for cross-subframe channel estimation
The following agreements allowing cross-subframe channel estimation were made in RAN1#82 and RAN1#82bis:

· When frequency hopping is configured for the PDSCH with DMRS-based transmission , 
· Same precoding matrix is assumed per antenna port at least on the same PRB for at least X consecutive subframes
· Precoding matrix may vary  from one set of X subframes to another set of X subframes
· X is the number of consecutive subframes where PDSCH is transmitted in the same narrowband (excluding retuning time)
· This does not preclude dis-continuous transmission of the PDSCH
· When frequency hopping is NOT configured for the PDSCH/M-PDCCH with DMRS-based transmission, 
· If  X is provided via higher layer signalling,
· Same precoding matrix is assumed per antenna port at least on the same PRB for at least X consecutive subframes
· Precoding matrix may vary  from one set of X subframes to another set of X subframes
· Note: FFS the values of X

· Otherwise,
· Same precoding matrix is assumed per antenna port at least on the same PRB across entire repetitions
Question: What value, or range of values, of X should be supported?
Please indicate:

· For frequency hopping:
· How X is configured

· Value of X (or range of values of X if configured)

· For NO frequency hopping:

· Range of values of X

	Company
	Comments

	Sequans Communications
	any reason why not using X as hopping interval?
X should be directly derived from hopping interval value. 

When hopping is not activated, same range of values that are considered for hopping intervals should be 

	Ericsson
	The following is based on the analysis in our contribution R1-156412.

For frequency hopping, we propose to use the same value for X and Y, i.e. constant precoder per hopping interval. Without frequency hopping, we propose to use the same range of values.
Determine the PDSCH repetition factor R as R=Rmin*R’, where R’ is indicated by DCI from a fixed table defined in the standard, and Rmin is defined using higher layer signaling.
For PDSCH, CE mode A should capture repetition factors 1-16, and CE mode B should capture repetition factors 8-256.
Use Ych = 4 for CE mode A and Ych = 8 for CE mode B.

	Samsung
	X=YCH. YCH is configured, FH is configured.

	Sony
	X = 4 or less. At large coverage enhancement, cross-subframe channel estimation performance is limited by frequency tracking error. Hence large values of X provide no gain.

X can be less than Ych to allow maximum precoder diversity to be achieved before a frequency hop.

Value of X can be defined in spec and whether precoder is maintained across X subframes can be signalled by RRC

X value can be same for FH and no-FH 

	Nokia
	Possible values of X = {2,4}, configured as part of the frequency hopping parameters

	NEC
	Same as Ericsson, frequency hopping use the same value for X and Y, i.e. constant precoder per hopping interval. Without frequency hopping, same range of values are used.

	LG
	X = Ych

	Intel
	· X = Y_CH (freq. hopping interval) for freq. hopping case and Y_CH is configured.
· X values can be same as range specified for Y_CH for no freq. hopping case

	Panasonic
	X = Ych in case hopping is enabled.
For CE mode A, Ych is configuration from 1 or 2.

For CE mode B, Ych = 8.

	ZTE
	X≤Ych in case hopping is enabled. For simplification, X=Ych.

For no hopping case, X value can be same as that of hopping case.。

	CATT
	X=min (4, Z)

	QC
	This depends on the tradeoff between precoding cycling gain vs. channel estimation averaging gain. We can define as either Y_ch or Y_ch/2. If no hopping is used, this field is interpreted as fraction of the total transmission time.

	ALU
	Same view as Intel.

	MediaTek
	For non-frequency hopping case, Ych can be considered as infinity. Then X is determined by the minimum consecutive subframes for cross-subframe channel estimation in case of repetitions.

Similar to non-frequency hopping case, the frequency hopping case may have the similar way to determine X. However, the current agreements somehow put the same X for both cross-subframe channel estimation and the consecutive subframes for the same narrow-band transmission. It is preferred to have the separate X setting so that both cross-subframe channel estimation gain and precoding cycling gain can be obtained during the same narrow-band transmission.

	Huawei, HiSilicon
	For CE Mode A, X = 1 or 2 for FDD. For CE Mode B, it can be larger, but we know that there are limitations to cross-subframe channel estimation.


Issue 10: PDSCH and PUSCH HARQ feedback collisions
PDSCH and PUSCH HARQ feedback signaling can be in different narrowbands. There are some options as to how clashes between PDSCH and PUSCH HARQ feedback signaling are handled:
· Option 1: eNodeB scheduling

· Option 2: Precedence rules of PDSCH relative to PUSCH HARQ feedback signaling (i.e. receive either PDSCH or PUSCH HARQ feedback, but not both). Please indicate preferred precedence rules.

· Option 3: Multiplexing of PDSCH and PUSCH HARQ feedback signaling. Please indicate preferred multiplexing method

Question: How should clashes between PDSCH and PUSCH HARQ feedback be handled / resolved?
	Company
	Comments

	Sequans Communications
	Option 1. Prefer UE not require to handle this case 

	Ericsson
	Handle clashes between PDSCH and PUSCH HARQ feedback through eNodeB scheduling, i.e. Option 1.

	Samsung
	FFS whether this is applicable depending on whether synchronous UL HARQ is used. If so, and assuming HARQ-ACK priority over data, PDSCH scheduling is probably caused by incorrect CRC check (eNB has no reason to schedule PDSCH that will be dropped). UE should prioritize HARQ-ACK.  

	Sony
	Option 3. The PUSCH HARQ feedback and PDSCH are in the same narrowband and the feedback is piggybacked onto PDSCH in a similar way to how UCI is piggybacked onto PUSCH.
Options 1 and 2 do not allow continuous allocation of PUSCH and PDSCH to be scheduled. We want to be able to support peak rates (which are useful for some applications and to reduce power consumption).

	Nokia
	Option 1

	NEC
	Option 1 is preferred.

	LG
	Considering various issues for synchronous HARQ timing, it seems desirable to utilize asynchronous HARQ-ACK timing for PUSCH transmission. And, since PUSCH HARQ feedback is realized using M-PDCCH, handling of PUSCH HARQ A/N and PDSCH collision can be same with M-PDCCH and PDSCH collision case.
Then, the reception of PDSCH which is scheduled prior to monitor M-PDCCH should be prioritized, so M-PDCCH can be rate-matched in PRB pair for transmission of un-associated PDSCH in the same subframe. We see no special handling is needed for this case. 

	Intel
	Prefer Option 1.

	Panasonic
	Basically option 1：eNB scheduler avoid the collision between PDSCH and PUSCH HARQ feedback. Therefore, if UE detects the collision, it is false detection of DCI with respect to either PDSCH or PUSCH. In this case, it is up to UE implementation which one is determined as reliable DCI. 

	ZTE
	If the collision cannot be avoided by eNB scheduler, Option 2 is more preferable than Option 3. Option 3 has higher specification impact.

	CATT
	Option 1. It is up to UE implementation if M-PDCCH and PDSCH collide.

	QC
	PDSCH should have a higher priority than PUSCH feedback. In this case, the UE should not trigger a HARQ retransmission for PUSCH, and wait for the next grant corresponding to the same HARQ process.

	ALU
	Option 1.

	MediaTek
	Option 1 is preferred. 

However, in case of collision, UE should only monitor M-PDCCH for UL HARQ ACK/NACK, i.e., supposing always 6 PRBs is used for PDSCH transmission in CE mode B and UL synchronous HARQ is supported. 

Another way is that 4 PRBs allocation for PDSCH is allowed in CE mode B so that the remaining 2 PRBs can be used for M-PDCCH carrying UL HARQ ACK/NACK.

	Huawei, HiSilicon
	Most of this should be possible to handle by Option 1. Where an eNB cannot avoid a collision, the alternatives are (a) up to UE implementation; (b) send PUSCH HARQ and miss PDSCH; (c) receive PDSCH and skip PUSCH HARQ. Of these alternatives, (c) should have smaller resource waste than (b).


Issue 11: Number of TX Antenna Ports

UE complexity depends on the number of transmit antenna ports that the UE has to channel estimate. E.g. for TM9, up to 8 transmit antenna ports can be supported.
Question: How many eNodeB transmit antenna ports should be supported by the UE? Please indicate whether you consider that there is a depedency between the number eNodeB transmit antenna ports and transmission mode. 
	Company
	Comments

	Sequans Communications
	For DMRS based TM – to be further discussed 
For CRS based TM – supporting 4 AP is ok

	Ericsson
	We propose that up to four antenna ports can be used for CRS based transmission.

	Samsung
	To limit UE complexity and considering the marginal gains of 4 Tx vs. 2 Tx for TxD, 2 APs probably suffice. But open to 4 APs  

	Sony
	Complexity depends on the number of antenna ports that need to be channel estimated. The number should hence be minimised. 

Maximum of 2 AP for all TM is OK

	Nokia
	Up to four antenna ports can be supported

	NEC
	Up to 4 CRS ports can be supported.

	LG
	For unicast, 2 TX seems sufficient, and like to further discuss on 4 TX case.

	Intel
	For CRS-based transmission schemes, prefer limiting to 2Tx (but open to consider up to 4 APs for TM6), and for DM-RS-based transmission schemes, maximum 2 APs for M-PDCCH (considering distributed M-PDCCH) and maximum of 1 AP for DM-RS-based (single layer) PDSCH.

	Panasonic
	Regardless of UE channel estimation support from rate matching/puncturing perspective, CRS location of 1, 2, 4 ports needs to be supported.

For CRS based TM reception including channel estimation, AP is up to 2 is possibility for the cost reduction.

For DMRS based TM, DMRS AP is up to 2. But it could be 24 RE per PRB pair like port 7&9 to improve channel estimation performance. How many APs are used could be configured.

	ZTE
	DMRS Ports: Maximum of 2 AP 

CRS Ports: Maximum of 4 AP

	CATT
	We prefer to not reduce the number of APs supported by UE unless significant UE complexity reduction is justified.

	QC
	Support 4Tx as a baseline, support of more AP should be optional.

	ALU
	Up to 4 antenna ports can be supported.

	MediaTek
	2 antenna ports may be enough. More antenna ports may also increase the signaling overhead for CSI report.

	Huawei, HiSilicon
	This is not obviously a part of the WID, a relevant point considering the stage of the WI. Without a demonstration that the complexity and cost savings really matter, this should not be needed. At least there should be no change to CRS port support,i.e. {1,2,4} CRS ports.


Issue 12: Early termination in Mode B

For HARQ-ACK feedback related to PDSCH in Mode B, the UE could potentially indicate its early PDSCH decoding success to the network, allowing the eNB to adjust its PDSCH repetition number and hence save system resource.
Question: Should the UE be able to indicate early PDSCH decoding success to the network.

· If yes, then what mechanism should be used?
	Company
	Comments

	Ericsson
	No, the UE should not indicate early PDSCH decoding success. It would seem to require eNB to allocate multiple PUCCH or PUSCH resources to a UE (in time) in order to be prepared to receive the feedback, and it would increase the uncertainty about the physical channel timing relationships.

	Samsung
	No. In addition to complexity, considering that the eNB will need to guard against more errors (e.g. DTX-to-ACK) and considering relative numbers of repetitions and processing timelines, this is probably more detrimental than beneficial to support.

	Sony
	No need for the UE to signal early termination to eNodeB. Concerns about error scenarios.

	Nokia
	No

	NEC
	NO. It is not supported.

	LG
	No.

	Intel
	No need, especially for the mechanism proposed by Lenovo as it is mainly a link adaptation mechanism. In addition to the concerns mentioned by Ericsson, we are not sure how beneficial this extra PUCCH resource overhead would be considering that eNB can always adjust the OLLA appropriately and rely on regular HARQ-ACK feedback for link adaptation – to achieve similar results. Link adaptation as proposed by Lenovo based on ternary-state (3-state) feedback is similar to OLLA based link adaptation (binary-state) – and has to be inherently “slow” to avoid oscillations.

	Panasonic
	No need for this release although we prefer yes. When UE succeeds PDSCH decoding earlier, PUCCH multi-subframe code spreading sequence is different. PUCCH transmission timing is same regardless of early decoding or not.

	ZTE
	Yes, eNB can allocate/reserve the feedback resource for early termination.

Early termination can avoid unnecessary redundant transmission after successful reception. Early termination is also required in order for support of higher priority service.

	Sequans  Communications
	No need for this. Prefer UE go into micro-sleep after early termination instead of staying awake for further transmission. 

	CATT
	No

	QC
	No, it would create additional signalling, and we don’t have time to add this in Rel 13. UE can go to sleep if early decode.

	ALU
	No

	MediaTek
	Considering the potential impact on HARQ timing and PUCCH resource overbooking, no support for PDSCH is slightly preferred. However, early termination can be considered for PUSCH transmission to save UE power.

In addition, it should allow the repetition adaptation in HARQ retransmission to improve resource utilization. 

	Huawei, HiSilicon
	This would complicate the HARQ timing and eNB processing. From UE perspective, to wait for PDSCH transmission complete is simple

	Sierra Wireless
	No


Issue 13: ACK / NACK feedback relating to PDSCH over PUCCH

When PDSCH is decoded by the UE, feedback to the eNodeB as to the UE status of PDSCH reception can be transmitted over PUCCH. Relating to this feedback, the following agreement was made in RAN1#80bis.
· For UEs operating in enhanced coverage, at least when PUCCH resource is configured, 

· HARQ-ACK and SR over PUCCH is supported

· FFS: Whether ACK only is transmitted or NACK only is transmitted or both ACK/NACK are transmitted

Question: Which option should be applied relating to ACK/NACK transmission:

· Option A: ACK only is transmitted
· Option B: NACK only is transmitted
· Option C: both ACK / NACK are transmitted
	Company
	Comments

	Sony
	Option C: both ACK / NACK are transmitted

	Samsung
	Option A, at least for Mode B

	LG
	Option C. 

	Intel
	Option C.

	Panasonic
	For mode A, option C.

For mode B, if DTX detection is unreliable, ok to go for option C. Instead, if DTX detection is reliable, we prefer option B as it can largely reduce uplink repetitions and save UE power assuming most case of feedback is ACK.

	ZTE
	Option C

	Sequans Communications 
	Option C

	CATT
	Option C.

	ALU
	Option C

	MediaTek
	Option C

	Huawei, HiSilicon
	In CE Mode A, Option C should be fine. In CE Mode B, if we can save transmissions and go to Option A or Option B depends on how this would be managed at the UE, and any impacts that has on HARQ timeline.

	Sierra Wireless
	Option C


3 Summary
Issue 1: Support of VRB of distributed type

Question: Should VRB of distributed type be supported?
Summary: No companies, other than Huawei / HiSi, saw a need to support VRB of distributed type.
Proposal: For LC-MTC UE, VRB of distributed type is not supported.
Issue 2: DL resource allocation types

Question: Should DL resource allocation types 0/1/2 all be supported or only a subset?
Summary:
The companies supporting the various resource allocation types are listed in the following table:
	
	Resource allocation type
	Companies

	Mode A
	0
	Sequans, Ericsson, SONY, Nokia, NEC, LG, Intel, ZTE, CATT, QC, ALU, Mediatek, Huawei / HiSi

	
	1
	

	
	2
	Samsung, LG, Panasonic (with mods), CATT

	Mode B
	0
	Sequans, QC

	
	1
	

	
	2
	NEC, Mediatek (depends on UL HARQ type: sync/async), Huawei / HiSi

	
	Always 6 PRB
	Ericsson, Samsung (current view), SONY, Nokia, LG, Intel, ZTE, ALU


A significant majority of  companies supported resource allocation type 0 for Mode A and for 6PRBs to always be allocated (implicitly) in Mode B.
Since there were no strong arguments to the contrary, the following proposal is made:

Proposal: For PDSCH for LC-MTC UEs:

· Mode A: only resource allocation type 0 is supported.

· Mode B: 6 PRB allocation is implicitly supported.

Issue 3: Support of peak rates with cross-subframe or same-subframe scheduling
Question: How should the RAN1#80bis and RAN1#82 agreements / working assumptions [relating to peak rates / scheduling modes] be reconciled?
· Option 1: Do NOT confirm the following WA (i.e. allow same subframe scheduling in non-repetition case):

· Option 2: Increase the number of DL HARQ processes to 10

· Option 3: Reduce the eNB processing time between receiving a HARQ Feedback (PUCCH) and transmitting a PDSCH

· Option 4: Other method. Please detail.

Summary

The companies supporting the various resource allocation types are listed for the FD-FDD case:
	FD-FDD
	Note
	Companies

	Option 1
	Same subframe sched
	Sony (1st), Panasonic, QC, ALU, Mediatek, Sierra Wireless (ist pref)

	Option 2
	10 DL HARQ
	Ericsson (same soft buffer size), Sony (2nd), Nokia, NEC (FFS), Intel, CATT, Sierra Wireless (2nd pref)

	Option 3
	Reduced eNB timeline
	

	Option 4
	Other
	Reduced UE processing time: Sony

Nothing: LG, ZTE

Not monitoring MPDCCH in every subframe: Huawei / HiSi


For FD-FDD, there was a split between whether to support same subframe scheduling or an increased number of DL HARQ processes. Some companies thought that nothing needed to be done and a lower peak DL throughout would be acceptable.  Hence RAN1 should downselect between these options.

For HD-FDD, several companies (Sequans, Samsung, LG, Intel) were interested in ACK / NACK bundling, although some companies saw issues relating mainly to the amount of time that this would take to specify (one option suggested by several companies is to define UL/DL configurations for HD-FDD, alternatively multi-subframe scheduling could be applied).

Proposal: In order to support peak DL rates, choose between:
· Option 1: Confirm WA on same subframe scheduling AND revert the agreement made in RAN1 and accept a lower peak throughput for DL 

· Option 2: Do not confirm the WA on same subframe scheduling and use same subframe scheduling in Mode A with either a RRC or DCI indicator

· Option 3: Confirm WA on same subframe scheduling but allow for 10 DL HARQ processes and increase DCI bits for HARQ process from 3 to 4 bits:

· Increase soft buffer to support 10 HARQ processes

· Do not increase soft buffer beyond what is required to support 8 HARQ processes but:

· An indicator (DCI or RRC) to switch from 8 HARQ processes with Full Buffer Rate Matching to 10 HARQ processes with Limited Buffer Rate Matching

· Mode A always operate with 10 HARQ processes with Limited Buffer Rate Matching
Do not specify HARQ ACK/NACK bundling in Release-13.

Issue 4: Case 2 Cross-subframe scheduling

Question: Should case 2 [cross subframe scheduling, k=1] be defined?
On the FFS about handling retuning, we propose the following:

· Proposal: in case of frequency hopping, retuning occurs within 2 OFDM symbols and there is no need for a retuning subframe

The following table summarises company views. If a company didn’t define whether opinions related to Mode A or Mode B, it was assumed that their comment related to Mode A (in line with the agreements used in the preamble to the question).

	
	Case 2 support
	Companies

	Mode A
	Support case 2
	Huawei / HiSi

	
	No case 2
	Ericsson, Samsung, Sony (but still support peak rates), Nokia, NEC, LG, Panasonic, ZTE, CATT, QC (same subframe sched for peak rates), ALU (same subframe sched for peak rates), Mediatek (no need if same subframe sched), Sierra Wireless

	Mode B
	Support case 2
	Sony, LG, Intel / Sequans (with same timing as case 1), Panasonic, CATT

	
	No case 2
	Sierra Wireless

	Retuning in 2 OFDM sym for FH
	Ericsson, Sony, Nokia, LG, Panasonic


There seems to be a clear consensus that in mode A case 2 is not supported and that in mode B, case 2 is supported. It seems like k=2 should be applied for Case 2 in Mode B. In that case, it is proposed to use the same text related to “k=2” as was used in the agreement to implement “k=2” for case 1. The proposal that retuning is handled in 2 OFDM symbols received general approval.
Proposal: 

· For Rel-13 low complexity UEs operating in mode A, under cross-subframe scheduling, no case 2 is defined.

· For Rel-13 low complexity UEs operating in mode B, under cross-subframe scheduling, case 2 is applied.

· For DL cross-subframe scheduling Case 2 without repetition and with repetition, PDSCH (new and re-transmissions) starts from the second valid downlink subframe after the end of the corresponding transmitted M-PDCCH with the given repetition level
· in case of frequency hopping, retuning occurs within 2 OFDM symbols and there is no need for a retuning subframe
Issue 5: Number of TDD HARQ processes in case of no repetition
Question: Which option should be used for the number of TDD HARQ processes?

Option 1: The number of TDD DL HARQ processes under cross-subframe scheduling in case of no repetition [is as according to a table, with an increased number of HARQ processes]
Option 2: In case of no repetition, LC UEs use the same number of TDD DL HARQ processes as per Rel-12
The following table summarises company views. 

	Option
	Companies

	1: new table
	Ericsson (no increase in soft buffer size), Nokia, Intel (use LBRM), CATT

	2: Rel-12 HARQ processes
	Sequans, LG (not strong preference), Panasonic (not strong preference), ZTE, QC, Mediatek (same subframe sched can solve issue), Huawei / HiSi


The following companies did not express a strong view: Samsung, LG, ALU
Summary: The views of companies were reasonably equally split between options 1 and 2. This issue seems to be related to issue 3 (on support of peak rates for FDD), hence our proposal is that the choice of the number of TDD HARQ processes is chosen to be in line with the reasoning behind the choice for support of peak rates for FDD.

Proposal: Decision on number of TDD HARQ processes should be in line with the decision taken for supporting peak rates from issue 3.
Issue 6: Number of DL and UL HARQ processes in small coverage enhancement

Question: What should be maximum number of DL HARQ process and UL HARQ process for HD-FDD, FD-FDD, and TDD when UE is operating with small coverage enhancement?

The following table summarises company views.

	Option
	Companies

	Same as no CE
	Sequans, Ericsson, Samsung, Nokia, NEC, LG, Intel, Panasonic, ZTE, CATT, QC, ALU

	Specific number
	Sony: Fewer (e.g. 7) – related to complexity rqmts of search space, Mediatek (depends on # repetitions in Mode A)


Most companies consider that the in small coverage enhancement, the same number of DL and UL HARQ processes is supported as in the no coverage enhancement case.
Proposal: In small coverage enhancement, the same number of DL and UL HARQ processes is supported as in the no coverage enhancement case.

Issue 7: RV cycling within a PDSCH bundle

Question: Should an RV cycling pattern be used within a PDSCH bundle? 

· If yes, should the RV cycling pattern be (0, 2, 3, 1) (i.e., same as PUSCH)?

· Please indicate which CE modes this should apply to.

Summary. The following table summarises company views. If companies didn’t state a preference for mode, it is assumed that their view relates to Mode B and pattern (0,2,3,1).

	Mode
	Option
	Companies

	Mode A
	RV cycling (0,2,3,1)
	Ericsson, Samsung, Sony, NEC, LG, Panasonic, QC, ALU, Mediatek

	
	RV cycling: other
	

	
	No cycling
	Huawei / HiSi (indicated by DCI)

	Mode B
	RV cycling (0,2,3,1)
	Sequans, Ericsson (RV for Z subframes), Samsung, Sony (RV for Z subframes), Nokia, NEC, LG (RV for Z subframes), Intel, Panasonic (RV for Z subframes), CATT, QC, ALU, Mediatek (RV for Z subframes), Huawei / HiSi (but not necessarily 0,2,3,1 order)

	
	RV cycling: other
	

	
	No cycling
	


There was general agreement that in both modes, RV cycling with the pattern {0,2,3,1} should be applied. In mode B, many companies also supported that in case of long bundle sizes, each RV is repeated during Z subframes, so this mode of operation is also proposed. Z probably needs to be compatible with either the frequency hopping granularity (“Ych”) or the number of subframes over which cross-subframe channel estimation can be performed (“X”). For the no repetition case, it is understood that RV cycling is not applied, instead RV is indicated by DCI.
Proposal. In mode A, for PDSCH, RV cycling is applied with the pattern {0,2,3,1}. In mode B, RV cycling is applied with the pattern {0,2,3,1} where each RV is repeated during Z subframes
· [Z = min(X,4)]. 

Issue 8: PRB Bundling
Question: Should PRB bundling also be supported for PDSCH?

If so, please indicate PRG size and method of indication
Summary. The following table summarises company views. The value in brackets indicates the PRG size and whether this is fixed or configurable. Some companies indicated that they had no strong preference.

	Option
	Companies

	PRB bundling
	Ericsson (3 fixed), Samsung (3 fixed), Sony (3 config), LG (2 or 3, depends on PRB allocation), Intel (3 if >= 3 PRBs allocated), Panasonic (3 config), CATT, QC (TM9), Mediatek (Mode B only: 2)

	No bundling
	

	No strong preference
	Sequans, Nokia, ZTE, ALU


Huawei / HiSi pointed out that it needs to be determined which PRBs are bundled. 

Companies either supported PRB bundling or had no strong preference. Some companies wanted PRB bundling to only be applied when more than a certain number (e.g. 3) PRBs were allocated to PDSCH. It would probably be a good idea to clarify for which TM modes PRB bundling applied to.
Proposal: PRB bundling is supported for DMRS-based PDSCH modes in Mode A and Mode B.

· PRG size = 3

· FFS whether configured, fixed or depends on PRG size
· FFS which PRBs are bundled when less than 6 PRBs are assigned to UE
· Applies to TM9

Issue 9: “X” value for cross-subframe channel estimation
Question: What value, or range of values, of X [number of subframes over which precoding matrix does not change] should be supported?
Please indicate:

· For frequency hopping:

· How X is configured

· Value of X (or range of values of X if configured)

· For NO frequency hopping:

· Range of values of X

Summary: The following table summarises company views.
	Hopping
	X
	Companies

	FH
	Not Ych
	Sony, Nokia (2 or 4), ZTE (X <= Ych), CATT (min(4,Z)), QC (Ych or Ych/2, depends on precoder cycling gain), Mediatek, Huawei / HiSi (Mode A: X = 1 or 2; Mode B: X can be > 2)

	
	Same as Ych
	Sequans, Ericsson (Ych=4 for mode A, Ych=8 for mode B), Samsung, NEC, LG, Intel, Panasonic (Mode, ZTE (for simplicity), ALU

	
	Configuration
	Samsung (Ych,FH) configured, Sony (precoder maintenance signaled by RRC), Intel (Ych configured)

	No FH
	Not Ych
	Sony (same as FH), Mediatek

	
	Same as Ych
	Sequans, Ericsson,NEC, Intel, ZTE (same as FH case)


There was no consensus on the value of “X” for cross-subframe channel estimation and this issue needs more discussion.
Proposal:

· For frequency hopping, there are two options for X and one of these options is downselected:

· X = Ych

· Ych is configured as part of frequency hopping parameters (and covered in the FH informal email discussion)

· X value depends on mode:

· Mode A: range = [1,2,4]

· Mode B: range = [4,8]

· X is configured within the frequency hopping parameters independently of Ych

· Same value of X used in frequency hopping and no frequency hopping cases

Issue 10: PDSCH and PUSCH HARQ feedback collisions
Question: How should clashes between PDSCH and PUSCH HARQ feedback be handled / resolved?
Summary: the following table summarises company views:

	Option
	Note
	Companies

	1
	scheduling
	Sequans, Ericsson, Nokia, NEC, Intel, Panasonic, CATT (up to UE impl,), ALU, Mediatek, Huawei / HiSi

	2
	precedence
	Samsung (depends on whether sync/async HARQ; HARQ A/N priority), LG (PDSCH priority), ZTE (up to UE impl), QC (PDSCH priority)

	3
	multiplexing
	Sony


Companies seem to be reasonably split between resolving feedback collisions through scheduling and resolving collisions through precedence rules. Even when option 1 (scheduling) is the proposed method, the UE implementation will still need to apply some implementation-specific precedence rules.
Proposal: When PDSCH and PUSCH HARQ feedback collisions occur, downselect between the options:

· Option 1: collisions avoided by eNodeB scheduling or by UE implementation (no spec impact)

· Precedence rules defined in spec: either

· Option 2A: PDSCH prioritized over HARQ ACK / NACK

· Option 2B: HARQ ACK / NACK prioritized over PDSCH

Issue 11: Number of TX Antenna Ports

Question: How many eNodeB transmit antenna ports should be supported by the UE? Please indicate whether you consider that there is a depedency between the number eNodeB transmit antenna ports and transmission mode.

Summary: the following table summarises company views:

	modes
	# ports
	Companies

	CRS modes
	2
	Samsung, Sony, LG, Intel, Panasonic, Mediatek

	
	4
	Sequans, Ericsson, Nokia, NEC, ZTE, CATT (no reduction wrt R12), QC, ALU, Huawei / HiSi

	DMRS modes
	1
	Intel

	
	2
	Samsung, Sony, LG, ZTE

	
	4
	Nokia, NEC, QC, ALU

	
	8
	


For both CRS and DMRS modes, there is a reasonable split of opinion between whether 2 or 4 antenna ports should be supported. Support of 2 antenna ports can reduce UE complexity and the performance loss with respect to 4 antenna ports may not be significant.

Proposal: The number of antenna ports supported in DMRS modes can be different to the number supported in CRS modes and:
For CRS modes: the number of antenna ports supported by the UE is downselected between:

· Option 1: 2 antenna ports

· Option 2: 4 antenna ports

For DMRS modes, the number of antenna ports supported by the UE is downselected between:

· Option 1: 2 antenna ports

· Option 2: 4 antenna ports

Issue 12: Early termination in Mode B

Question: Should the UE be able to indicate early PDSCH decoding success to the network.

· If yes, then what mechanism should be used?
Summary: the following table summarises company views:

	Early termination
	Companies

	Yes
	ZTE

	No
	Ericsson, Samsung, Sony, Nokia, NEC, LG, Intel, Panasonic (not in R13), Sequans, CATT, QC, ALU, Mediatek, Huawei / HiSi, Sierra Wireless


A large proportion of companies did not want to support indication of early termination, at least in this release. There were concerns about error scenarios, complexity, extra signaling and benefits (UE can go to microsleep instead).
Proposal: No mechanism is defined to indicate early PDSCH decoding success to the network.  

Issue 13: ACK / NACK feedback relating to PDSCH over PUCCH

When PDSCH is decoded by the UE, feedback to the eNodeB as to the UE status of PDSCH reception can be transmitted over PUCCH. Relating to this feedback, the following agreement was made in RAN1#80bis.
· For UEs operating in enhanced coverage, at least when PUCCH resource is configured, 

· HARQ-ACK and SR over PUCCH is supported

· FFS: Whether ACK only is transmitted or NACK only is transmitted or both ACK/NACK are transmitted

Question: Which option should be applied relating to ACK/NACK transmission [on PUCCH relating to PDSCH reception]:

· Option A: ACK only is transmitted
· Option B: NACK only is transmitted
· Option C: both ACK / NACK are transmitted
Summary: the following table summarises company views:

	Option
	Note
	Companies

	A
	ACK only
	Samsung (at least mode B), Huawei / HiSi (with conditions)

	B
	NACK only
	Panasonic (Mode B: DTX is reliable) , Huawei / HiSi (with conditions)

	C
	Both ACK, NACK
	Sony, LG, Intel, Panasonic (mode A; mode B if DTX unreliable), ZTE, Sequans, CATT, ALU, Ericsson, Mediatek, Huawei / HiSi (mode A), Sierra Wireless


The majority of companies supported the position that both ACK and NACK are transmitted on PUCCH to indicate reception status of PDSCH. In addition it seems that more investigation of performance would be required to support either “ACK only” or “NACK only” transmission. Hence it is proposed that:
Proposal: Both ACK and NACK can be transmitted on PUCCH to indicate reception status of PDSCH.
4 Conclusions and Proposals
4.1 Issue Close to Agreement

The following proposals are close to agreement:
Issue 1 Proposal: For LC-MTC UE, VRB of distributed type is not supported.

Issue 2 Proposal: For PDSCH for LC-MTC UEs:

· Mode A: only resource allocation type 0 is supported.

· Mode B: 6 PRB allocation is implicitly supported.

Issue 4 Proposal: 

· For Rel-13 low complexity UEs operating in mode A, under cross-subframe scheduling, no case 2 is defined.

· For Rel-13 low complexity UEs operating in mode B, under cross-subframe scheduling, case 2 is applied.

· For DL cross-subframe scheduling Case 2 without repetition and with repetition, PDSCH (new and re-transmissions) starts from the second valid downlink subframe after the end of the corresponding transmitted M-PDCCH with the given repetition level
· in case of frequency hopping, retuning occurs within 2 OFDM symbols and there is no need for a retuning subframe
Issue 6 Proposal: In small coverage enhancement, the same number of DL and UL HARQ processes is supported as in the no coverage enhancement case.

Issue 7 Proposal: In mode A, for PDSCH, RV cycling is applied with the pattern {0,2,3,1}. In mode B, RV cycling is applied with the pattern {0,2,3,1} where each RV is repeated during Z subframes

· [Z = min(X,4)]. 

Issue 8 Proposal: PRB bundling is supported for DMRS-based PDSCH modes in Mode A and Mode B.

· PRG size = 3

· FFS whether configured, fixed or depends on PRG size

· FFS which PRBs are bundled when less than 6 PRBs are assigned to UE

· Applies to TM9

Issue 12 Proposal: No mechanism is defined to indicate early PDSCH decoding success to the network.  

Issue 13 Proposal: Both ACK and NACK can be transmitted on PUCCH to indicate reception status of PDSCH.

4.2 Issue Requiring Further Discussion

The following proposals need more discussion:

Issue 3 Proposal: In order to support peak DL rates, choose between:
· Option 1: Confirm WA on same subframe scheduling AND revert the agreement made in RAN1 and accept a lower peak throughput for DL 

· Option 2: Do not confirm the WA on same subframe scheduling and use same subframe scheduling in Mode A with either a RRC or DCI indicator

· Option 3: Confirm WA on same subframe scheduling but allow for 10 DL HARQ processes and increase DCI bits for HARQ process from 3 to 4 bits:

· Increase soft buffer to support 10 HARQ processes

· Do not increase soft buffer beyond what is required to support 8 HARQ processes but:

· An indicator (DCI or RRC) to switch from 8 HARQ processes with Full Buffer Rate Matching to 10 HARQ processes with Limited Buffer Rate Matching

· Mode A always operate with 10 HARQ processes with Limited Buffer Rate Matching

Do not specify HARQ ACK/NACK bundling in Release-13.

Issue 5 Proposal: Decision on number of TDD HARQ processes should be in line with the decision taken for supporting peak rates from issue 3.

Issue 9 Proposal:

· For frequency hopping, there are two options for X and one of these options is downselected:

· X = Ych

· Ych is configured as part of frequency hopping parameters (and covered in the FH informal email discussion)

· X value depends on mode:

· Mode A: range = [1,2,4]

· Mode B: range = [4,8]

· X is configured within the frequency hopping parameters independently of Ych

· Same value of X used in frequency hopping and no frequency hopping cases

Issue 10 Proposal: When PDSCH and PUSCH HARQ feedback collisions occur, downselect between the options:

· Option 1: collisions avoided by eNodeB scheduling or by UE implementation (no spec impact)

· Precedence rules defined in spec: either

· Option 2A: PDSCH prioritized over HARQ ACK / NACK

· Option 2B: HARQ ACK / NACK prioritized over PDSCH

Issue 11 Proposal: The number of antenna ports supported in DMRS modes can be different to the number supported in CRS modes and:

For CRS modes: the number of antenna ports supported by the UE is downselected between:

· Option 1: 2 antenna ports

· Option 2: 4 antenna ports

For DMRS modes, the number of antenna ports supported by the UE is downselected between:

· Option 1: 2 antenna ports

· Option 2: 4 antenna ports
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