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1 Introduction

This contribution summarizes the informal email discussion on issues related to frequency hopping for Rel-13 low-cost / coverage-enhancement UEs.

2 Discussion
Question 1: confirm the working assumption: For PUSCH/PUCCH, when frequency hopping is used, frequency hopping occurs between 2 narrowbands
	Company
	Comments

	Nokia
	The working assumption can be confirmed. 

	NEC
	If common hopping pattern is not applied between UL and DL for TDD (see answers to question 9), then, we are ok to confirm this working assumption with slight modifications. The modification is needed because the wording of this working assumption is contradicting to RAN1#81 agreement for PUCCH that the frequency hopping is always used for PUCCH “PUCCH frequency hopping is always used, Hopping is between at least two PUCCH narrowband regions”.

So, if working assumption is to be confirmed it should be as follows:

For PUCCH, frequency hopping occurs between 2 narrowbands.

For PUSCH, when frequency hopping is used, frequency hopping occurs between 2 narrowbands.

	Samsung
	The working assumption can be confirmed.

	Ericsson
	The working assumption can be confirmed.

	LG
	The working assumption can be confirmed.

	HW, HiSi
	The working assumption can be confirmed.

	InterDigital
	The working assumption can be confirmed.

	Sony
	The working assumption can be confirmed.

	Panasonic
	The working assumption can be confirmed.

	Intel
	The working assumption can be confirmed.

	DOCOMO
	The working assumption can be confirmed.

	KT
	The working assumption can be confirmed.

	MediaTek
	The working assumption can be confirmed.

	ZTE
	The working assumption can be confirmed.

	CATT
	The working assumption can be confirmed. For TDD, eNB can configure the number of NBs for DL FH to 2 to achieve common UL/DL frequency hopping. 

	QC
	Confirm working assumption

	ALU
	Confirm working assumption


Question 2: for frequency hopping activation for unicast PUSCH, is the configuration included in M-PDCCH/PDSCH activation or activation/deactivation separately configured? 

	Company
	Comments

	Nokia
	In our view, the PUSCH frequency hopping activation/deactivation could be configured separately. Normally for eMTC, the uplink coverage is the limitation especially for the 20dBm UE class. Thus it could be better to have the flexibility to configure PUSCH frequency hopping independently.

	NEC
	We prefer PUSCH frequency hopping activation/deactivation to be separately configured.

	Samsung
	Separate configuration of FH per channel. By RRC for Mode B or for MPDCCH. FFS for Mode A for PDSCH/PUSCH (DCI or RRC)

	Ericsson
	Frequency hopping is configured independently for M-PDCCH/PDSCH and PUSCH, at least in FDD.
Frequency hopping is configured and activated/deactivated semi-statically.

	LG
	Separate configuration between M-PDCCH/PDSCH and PUSCH is okay with us though our understanding on the agreement was a bit different. Prefer hopping M-PDCCH/PDSCH/PUSCH for unicast is per UE at least in TDD.

	HW, HiSi
	Some of the FH parameters can be configured per channel. A cell-specific mirroring hopping pattern is desirable to achieve a feature which not unnecessarily complex and is thus likely to be practically deployed. Use or not of frequency is per channel. 

	InterDigital
	Separate FH configuration per channel is preferred. Also, prefer semi-static activation/deactivation. We don’t see any benefit of dynamic on/off frequency hopping.

	Sony
	Frequency hopping is configured separately via RRC.

	Panasonic
	Separate configuration of FH per channel. By RRC for Mode B or for MPDCCH is ok. For Mode A for PDSCH/PUSCH, these are based on DCI. This is same as legacy principle to control the situation difference between CSI is available and CSI is not available.

	Intel
	Separate FH configuration, including activation/deactivation, is per channel. No need for dynamic indication of hopping activation/deactivation, semi-static configuration is sufficient: Open to using common (i.e. via MTC SIB) or dedicated RRC signaling, with slight preference for the former due to simplicity.

	DOCOMO
	Separate configuration is preferred. At least, the configuration for the PUSCH should be different from that for the M-PDCCH.

	KT
	For unicast PUSCH, separate FH configuration including activation/deactivation is preferred.

	MediaTek
	Separate configuration is OK.

	ZTE
	Separate configuration of FH per channel

	CATT
	We had the following agreement in the last RAN1 meeting.

Agreement:
· Configuration of frequency hopping 

· for paging M-PDCCH and MTCSIBx is in a cell-specific manner

· For paging, FFS the corresponding PDSCH

· for RAR/msg3/msg4, is per “coverage level” (including non-CE) in a cell-specific manner

· for unicast is per UE, in a UE-specific manner

Our understanding is that frequency hopping for unicast is activated/deactivated on a per UE basis. However, if the majority see the necessity to separately configure frequency hopping for PUSCH and M-PDCCH/PDSCH, it is also acceptable to us.

We prefer semi-static activation/deactivation for frequency hopping.

	QC
	Separate configuration for higher flexibility.

	ALU
	Separate configuration is OK.


Question 3: Is symmetric hopping applied to PUCCH channel, just like legacy PUCCH intra-subframe hopping? Or is same hopping sequence as PUSCH applied?
	Company
	Comments

	Nokia
	PUCCH hops between two narrowbands which are symmetric to central frequency of system bandwidth.

	NEC
	The issue with Rel-8 PUCCH is that all neighboring cells apply same symmetric hopping which does not provide inter-cell interference randomizations. While we are ok with symmetric mapping, but, we think the hopping pattern/sequence should reuse a slightly modified of Type 2 PUSCH hopping from Rel-8 in order to achieve inter-cell interference randomisations (i.e. same hopping pattern/sequence for MTC PUSCH and PUCCH).

	Samsung
	PUCCH hops between two narrowbands which are symmetric to central frequency of system bandwidth as for legacy PUCCH. PUCCH for every CE level gets the same amount of diversity.

	Ericsson
	PUCCH frequency hopping is symmetric (similar to legacy PUCCH frequency hopping).

	LG
	PUCCH hopping is symmetric and common to all UEs in a cell (i.e., cell-specific)

	HW, HiSi
	PUCCH follows the symmetric hopping pattern as legacy PUCCH does. PUSCH can follow the same hopping pattern as well. 

	InterDigital
	Symmetric hopping is ok

	Sony
	Symmetric hopping is applied to PUCCH.

	Panasonic
	If PUCCH and PUSCH are same narrowband, multiple sets of narrowbands for PUCCH are predefined in the spec based on the offset and the same hopping sequence as PUSCH is applied. If PUCCH and PUSCH are different narrowband, multiple sets of narrowbands for PUCCH are predefined in the spec based on the mirroring around center frequency but hopping sequence can be same as PUSCH.

	Intel
	Symmetric hopping should be applied to PUCCH – MTC PUCCH resources can be placed right next to legacy PUCCH. In addition to avoidance of bandwidth fragmentation, this would also make it possible to support multiplexing of MTC and legacy PUCCH on the same physical resources (up to scheduler decision).

	DOCOMO
	Symmetric hopping is fine to us.

	KT
	Symmetric hopping is preferred.

	MediaTek
	PUCCH frequency hopping is symmetric (similar to legacy PUCCH frequency hopping).

	ZTE
	Symmetric hopping is applied to PUCCH.  - Avoidance of bandwidth fragmentation; can reuse current design;  small specification impact

	CATT
	PUCCH frequency hopping is symmetric.

	QC
	Symmetric hopping is preferred.

	ALU
	PUCCH frequency hopping is symmetric


Question 4: in case of the frequency hopping is activated between two narrowbands for M-PDCCH/PDSCH/PUSCH/PRACH, 
· Is the frequency offset between two narrowbands or absolute frequency location of two narrowbands?
· Option A: fixed 
· Option B: configurable 

· Option C: variable according to symmetric hopping, like legacy PUCCH hopping
· Hopping sequence:  hopping from one narrowband to another narrowband. Or other hopping sequence, please provide the details.
	Company
	Comments

	Nokia
	The frequency offset between two narrowand is better to be used, and Option A is preferred. Only the first narrowband need to inform to UE, thus that signalling overhead is reduced, and the frequency diversity gain for each narrowband pair used for hopping is similar.  
For the hopping sequence, the design would allow eMTC UE hopping from one narrowband to another hopping band. The detailed hopping pattern can refer to the answer of question 6 with some revisions.

	NEC
	We think it is desirable to avoid collision of legacy transmissions such as PBCH, PSS/SSS, SPS, MTC SIB1/SIBx, etc. So, eNB scheduler has to select flexibly a set of narrowbands that are free from collisions to avoid complicated implementations. Hence, our preference is that absolute frequency location of two narrowbands are semi-statically configured (B: configurable) for M-PDCCH/PDSCH/PUSCH/PUCCH.

For the hopping sequence, our proposal is to reuse a slightly modified of Type 2 PUSCH hopping from Rel-8 for M-PDCCH/PDSCH/PUSCH/PUCCH.  PRACH is FFS.

	Samsung
	Depends on the channel. Option A for SIB1bis, PUCCH. Option B for MPDCCH and PDSCH/PUSCH. For MPDCCH and SPS PDSCH/PUSCH (if supported) narrowband indication is according to Rel-12 (as for sub-band CSI or as for EPDCCH) due to less signalling overhead than indicating 1 or 3 offsets (same discussion as in past releases). There should be configurability due to existence of legacy SPS PDSCH and EPDCCH.

Hopping is done serially across narrowbands, starting from the one indicated by DCI for PDSCH/PUSCH. Nothing else is needed.

	Ericsson
	For PRACH, frequency hopping is symmetric between two frequencies (when frequency hopping is configured for a PRACH resource set), i.e. Option B.
For M-PDCCH/PDSCH/PUSCH frequency hopping between two narrowbands, the offset between the two narrowbands is configurable and the hopping sequence is hopping between the two narrowbands, i.e. Option C.

	LG
	For SIB1bis, PUCCH – symmetric (mirroring) can be used. For MPDCCH, PDSCH and PUSCH – cell-specific configurable offset is preferred. For PRACH, configurable offset can be considered (i.e., hopping between two configured PRACH resource sets is fine). Not clear which option each belongs to. Assuming Option A means no additional signalling to define hopping pattern (e.g., symmetric mirroring), SIB1bis, PUCCH -- Option A would be fine. For other channels, hopping across two configured narrowbands seem fine (where one narrowband is configured and hopping offset is configured or two narrowbands are configured)

	HW, HiSi
	The hopping is from one narrowband to the other narrowband, and the two narrowbands are carrier-centered symmetric. The offset between the two narrowbands is configurable, and can be zero. 

	InterDigital
	Option A for SIB1bis and PUCCH, and Option B for the others.

	Sony
	We prefer Option A.  However, if Option B is configured per cell (rather than per UE) we are also ok with Option B.

	Panasonic
	Multiple sets of narrowbands for M-PDCCH/PDSCH/PUSCH are predefined in the spec based on the fixed offset. The collision handling with PBCH/PSS/SSS/MTC-SIBs/PRACH/D2D resources are described in R1-156947/ R1-156948.

	Intel
	Agree with Sony: OK with fixed or cell-specifically configurable frequency offset between 2 NBs. If fixed, the value of the offset should be a function of system BW.
Hopping sequence is defined by hopping between the two narrowbands.

	DOCOMO
	For MTC-SIB1, we support Option A. For the M-PDCCH/ PDSCH/PUSCH, we prefer to indicate the 2 NBs used for frequency hopping.

	KT
	Option A is preferred. We prefer hopping from one NB to another NB as we provide the hopping sequence in Q6 regardless of the number of frequency hopping narrow bands.

	MediaTek
	For SIB1bis, it is fixed, i.e., Option A. 

For the other channels, it can be configured with a common offset, i.e., Option B.

FFS it is per CE level configuration or per UE configuration. 

	ZTE
	For M-PDCCH/PDSCH/PUSCH, we support Option A or Option B. Option C is against since spacing of the narrowbands in the middle of the system bandwidth is too small and hopping gain cannot be guaranteed.
For SIB1bis, we support Option A.
For PRACH, we support Option B.

	CATT
	For SIB1bis, option A is preferred.

For other channels, option B is preferred, either configure a cell-specific frequency offset or configure the 2 narrowbands for FH.

Frequency hopping is performed serially between the 2 NBs.

For frequency hopping pattern, there may be collision if frequency hopping pattern is based on the starting subframe of PDSCH as illustrated in the following figure assuming YCH=8, frequency offset between 2 NBs for FH is 4.
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We prefer to determine the hopping pattern based on absolute SFN and subframe number to simplify eNB scheduling similar to SIB1bis frequency hopping proposed by Nokia below.
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	QC
	Option A for SIB1. For other channels, explicit indication of narrowbands preferred due to simplicity and flexibility.

	ALU
	SIB1 – OptionA
For the other channels, it can be configured with a common offset, i.e., Option B.




Question 5: in case of the frequency hopping is activated among four narrowbands for M-PDCCH/PDSCH, 
· Is the frequency offset among four narrowband fixed or configured? Or are absolute frequency location of four narrowbands configured?

· Hopping sequence:

· Option 1: hopping with the order of narrowband index increase 

· Option 2: random hopping among four narrowbands according to the formula
	Company
	Comments

	Nokia
	We prefer that the narrowband offset among four narrowbands are fixed. 
Regarding to the hopping sequence, Option 1 is preferred. Both options can achieve the interference randomization among neighboring cells. However the Option 1 is simpler. The details of hopping pattern are showing below,
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Where, 
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is the total number of DL narrowbands within system bandwidth; 
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is the subframe index and starting from zero. For PDSCH, starting from n+4 according to the M-PDCCH and PDSCH timing; for M-PDCCH, it’s the starting subframe of M-PDCCH;
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is the narrowband index indicated in DCI for PDSCH for first narrowband, for M-PDCCH, it is the first narrowband to be used for hopping; 
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is PRB assignment in a narrowband indicated in DCI for PDSCH; for M-PDCCH, it could be zerio, which depending on DCI content discussion;
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	NEC
	Same as Q4, our preference is that absolute frequency location of four narrowbands are configurable. So, eNB scheduler can select flexibly a set of narrowbands that are free from collisions to avoid complicated implementations.

For the hopping sequence, our preference is Option 2 based on a slightly modified of Type 2 PUSCH hopping from Rel-8 for M-PDCCH/PDSCH/PUSCH/PUCCH. The reason is that Option 1 does not provide inter-cell interference randomization among cells where simulation results have shown a significant performance loss. Option 2 provides a significant better performance due to inter-cell interference randomization function.


	Samsung
	Option 1: Hopping with the order of narrowband index increase among configured narrowbands. Same PRB indexes in each narrowband.

	Ericsson
	For M-PDCCH/PDSCH frequency hopping among four narrowbands, the offsets between the narrowbands are configurable and the hopping sequence is in order of increasing narrowband index, i.e. Option 1.

	LG
	Hopping occurs over four narrowbands with configurable offset for non-SIB1bis. For SIB1bis, predetermined hoping offset is assumed. For the hopping sequence, we like to take 1st NB(4th NB(2nd NB(3rd NB (in order of narrowband index) commonly for SIB1 and other channels to maximize the frequency diversity gain even with small repetitions (not hop to all 4 narrowbands). Hopping occurs at subframe regardless of invalid/valid similar to as proposed by Nokia. 

	HW, HiSi
	The frequency offset among four narrowband is configurable, and can be zero. Option 1 is beneficial on avoiding hopping collision among different channels. 

	Sony
	A fixed offset.  From a simplicity perspective, we prefer Option 1 for hopping pattern.

	Panasonic
	Our preference is Option 2 based on the modified of Type 2 PUSCH hopping from Rel. 8 for M-PDCCH/PDSCH/PUSCH/PUCCH.

	Intel
	OK with fixed frequency offset between 4 NBs, where the offset is a function of system BW (e.g., Nokia’s proposal). May consider cell-specific configurability if collision handling is a concern.

Prefer Option 1 for hopping sequence: hopping from one NB to another, in order.

	DOCOMO
	We prefer to allow the NW to configure the NB locations used for frequency hopping, i.e., absolute frequency locations. With this indication, our preference is Option 1 as a frequency hopping sequence.

	KT
	We prefer fixed offset between 4NBs. For hopping sequence, Option 1 is preferred with the following formulation.
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	MediaTek
	SIB1bis is fixed for the narrow-band offsets. 

For the other channels, use 3 offsets to define four narrow-bands with hopping based on the configured narrow-band order, i.e., Option 1. 

It is preferred to be configured per CE or UE level to allow different (CE) UEs are using the independent 4 narrow-bands with the balanced load.

	ZTE
	For hopping among 4NBs, fixed offset or absolute frequency location of four narrowbands are OK.

For hopping sequence, we against Option 2. Because for the randomized hopping pattern， some hopping narrowbands may not be hopped during the repetition subframes. Fixed hopping patterns can be considered for M-PDCCH/PDSCH.

But the hopping spacing in Option 1 is uneven, the hopping performance cannot be guaranteed. Compared with Option 1, the hopping sequence with the following formulation is more even and the performance gain is more obvious for small system bandwidth.
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where M is the total number of the narrowbands in system bandwidth. For M-PDCCH, 
[image: image29.wmf]0
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 is configured by SIB or RRC signaling. For PUSCH/PDSCH, 
[image: image30.wmf]0

k

can be acquired from RA field in DCI.

	CATT
	For FH among 4 NBs, either configure a cell-specific frequency offset or configure the 2 narrowbands for FH.

For hopping sequence, option 1, i.e. hopping with the order of narrowband index increase is preferred.

Same as Q4, we perfer to determine the hopping pattern based on absolute SFN and subframe number to simplify eNB scheduling.
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	QC
	Signal the 4 configured narrowbands explicitly, then randomize hopping to combat inter-cell interference.

	ALU
	Option 1


Question 6: SIB1bis frequency hopping within two narrowbands and four narrowbands,  please provide the details of the frequency location of narrowbands and hopping sequence.
Note: the following working assumptions on SIB1bis frequency hopping were confirmed in RAN1#82bis,

· The mentioned narrowbands are determined based on cell ID and system bandwidth 

· The hopping sequence between these narrowbands is determined based on cell ID and subframe index (and/or SFN)
	Company
	Comments

	Nokia
	We prefer the SIB1bis hopping pattern is similar as other channels hopping pattern, expect the PUCCH hopping pattern and agreements reached in last meeting. The SIBbis hopping pattern details are showing below, it takes four narrowbands hopping as example,
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Where, 
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is the total number of DL narrowbands within system bandwidth; 
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 is the subframe index derived from system frame number and subfrae number in a radio frame;
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It is assumed that all six PRBs in the narrowband is used by SIB1bis.

	NEC
	For the hopping sequence, our preference is to reuse a slightly modified of Type 2 PUSCH hopping from Rel-8 for SIB1bis and other SIBx.  Note that the proposed hopping sequence (R1-156682) is utilizing the parameters of Cell ID, subframe and SFN, so it is in line with the above RAN1 agreement.

	Samsung
	Hopping with the order of narrowband (NB) index increase among determined narrowbands. The NBs are determined based on the PCID, SF/SFN, and system bandwidth (number of available NBs 
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 for 4 NBs. YCH is predetermined for SIB1bis (YCH = 1).

	Ericsson
	Consider re-using the hopping pattern for PUSCH hopping type 2 in 36.213 Table 8.4-2 ‘PDCCH/EPDCCH DCI format 0 hopping bit definition’ by replacing the PRB index with a narrowband index.
SIB1bis frequency hopping can occur every TSIB1bis/RSIB1bis ms.

	LG
	Some randomization either in frequency domain or time domain can be considered. In terms of the narrowband locations, we prefer to fix the physical narrowband locations for SIB1bis regardless of cell ID. 

	HW, HiSi
	The hopping pattern for SIB1bis can reuse the pattern for legacy PUSCH type 2. Other SIBs share the hopping pattern as SIB1bis. YCH = 10ms. 

	InterDigital
	As agreed, cell-ID should randomize the narrowband index for SIB1bis for inter-cell interference randomization. The hashing function as similar to EPDCCH USS can be used based on the PCID and the number of narrowbands (support Samsung proposal).

	Sony
	Use consistent hopping pattern (likely easier to manage by network), i.e. same hopping pattern as PDSCH.  

	Panasonic
	The initial narrowband of SIB1bis is determined by PCID and system bandwidth. The assignment of initial narrowbands determines the used set of narrowbands based on the fixed offset. Hopping sequence is same as M-PDCCH/PDSCH/PUSCH/PUCCH (i.e., the modified of Type 2 PUSCH hopping from Rel. 8).

	Intel
	Agree with Nokia, Samsung, and InterDigital on the hopping pattern (i.e., based on PCID and number of DL narrowbands). The physical NB locations can be fixed/configured as a function of system BW and independent of cell ID, so as to help avoid potential collisions with other common control transmissions (including PBCH).

	DOCOMO
	We share the similar view with Nokia. Letting 
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	KT
	Considering two neighbouring cells having different values after
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, we propose to define initial narrow band index for SIB1bis transmission as follows.
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Similar to Q6, we provide the following hopping sequence for SIB1bis.

[image: image57.wmf]NB

FH

CH

sf

f

FH

NB

init

NB

sf

f

NB

N

N

Y

n

n

N

N

n

n

n

n

mod

mod

10

)

,

(

÷

÷

ø

ö

ç

ç

è

æ

÷

÷

ø

ö

ç

ç

è

æ

ú

û

ú

ê

ë

ê

+

×

×

ú

û

ú

ê

ë

ê

+

=



[image: image58.wmf]f

n

: System frame number


[image: image59.wmf]sf

n

: Subframe number within a radio frame


[image: image60.wmf])

,

(

sf

f

NB

n

n

n

: Narrow band index with radio frame number 
[image: image61.wmf]f

n

and subframe number 
[image: image62.wmf]sf

n

 


[image: image63.wmf]NB

N

: Number of narrow bands


[image: image64.wmf]FH

N

: Number of frequency hopping narrow bands (, where 
[image: image65.wmf]FH

N

= 2 or 4)


[image: image66.wmf]CH

Y

 : Frequency hopping granularity

	MediaTek
	The initial narrow-band is determined by PCID and system bandwidth, and hopping is similar to PUSCH type 2 hopping pattern taking into account the SF index and the increasing order of the configured narrow-bands for hopping

	ZTE
	Narrowband selection: select narrowbands with same spacing

The indexes of hopping narrowbands for MTC-SIB1 
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where M is the total number of the narrowbands in system bandwidth.

Prefer randomized hopping sequence like PUSCH type 2 to avoid SIB1bis collision among neighbouring cells

	CATT
	We prefer the frequency hopping pattern proposed by Nokia.

	QC
	Select four equi-spaced narrowbands, where the offset depends on cell ID. The hopping pattern can also be randomized according to Q5.

	ALU
	Support the Nokia proposal.


Question 7: Whether introduce new parameters for PRACH frequency hopping configuration, e.g., activation/deactivation, number of narrowbands and the narrowband index, or include the related hopping parameters in PRACH resource configuration
	Company
	Comments

	Nokia
	PRACH frequency hopping activation/deactivation can be indicated in the PRACH resource configuration, it’s not necessary to have a new RRC parameter.

	NEC
	We think these new parameters should be included in PRACH resource configurations.

	Samsung
	Hopping activation/deactivation for PRACH is by 1-bit RRC 

	Ericsson
	For each PRACH resource set, a PRACH frequency and a PRACH frequency hopping activation flag should be indicated. If PRACH frequency hopping is enabled for a PRACH resource set then the PRACH frequency hopping for that PRACH resource set occurs between the configured PRACH frequency and its mirror frequency. The mirror frequency for one PRACH resource set can coincide with the configured frequency for another PRACH resource set. Whether the first PRACH repetition is transmitted on the configured PRACH frequency or on the mirror frequency is determined by whether the PRACH preamble index is even or odd. This will allow lower PRACH repetition levels (including legacy PRACH) and higher PRACH repetition levels to be completely frequency separated from each other.

	LG
	Enabling/disabling of PRACH hopping is supported.

	HW, HiSi
	The frequency hopping configuration is included in PRACH resource configuration, but the use of frequency hopping is optional. Please also see questions in the PRACH informal email discussion.

	InterDigital
	It is already agreed PRACH hopping is configurable. (i.e., hopping is used if configured). 1bit activation/deactivation is used in the PRACH resource configuration.

	Sony
	An indication whether PRACH hopping is enabled or disabled can be done.  Same hopping pattern as PUSCH can be used.  If PRACH is enabled, it is enabled for all PRACH (freq) resources.

	Intel
	Prefer a simple hopping scheme. Hopping between 2 NBs sufficient for PRACH (so, number of NBs would be fixed). Initial NB index and activation/deactivation can be indicated part of PRACH resource configuration (SIBxbis).

	DOCOMO
	It is desirable not to utilize frequency hopping to the PRACH always. Thus, we prefer to include activation/deactivation of the frequency hopping for the PRACH in the PRACH configuration.

	MediaTek
	Activation/deactivation of PRACH hopping is included in the PRACH resource configuration. 

	ZTE
	Activation/deactivation can be configured by SIB. Hopping Pattern can be implicitly determined by the configured number of narrowbands.

	CATT
	Activation/deactivation can be configured by SIB. Hopping Pattern can be implicitly determined by the configured narrowbands for PRACH.

	QC
	Include in PRACH resource configuration

	ALU
	Include in PRACH resource configuration


Question 8: What should be Y_ch values for the CE levels? (Assuming 3 CE levels)
	Company
	Comments

	Nokia
	The Y_ch value can be configured within the possible range of {2, 4, 8, 16}.

	NEC
	We don’t have a strong view, but, one list should be enough for all CE levels, Y = {2, 5, 10}.

	Samsung
	YCH is in {1, 2, 4, 8, 16, 32}. A subset of 4 values can be associated by specification per CE level (e.g. {1, 2, 4, 8} for CE level 0/1, {4, 8, 16, 32} for CE level 2/3)

	Ericsson
	YCH is in {4, 8, 16, infinity}.

Alternatively, {5, 10, 20, infinity} can be considered since it may work better for TDD.

	LG
	YCH is in {2, 5, 10, FFS:20 } or YCH is in {2, 4, 8, FFS:16 }. Hopping disabling can be configured separately.

	HW, HiSi
	YCH is in {10, 20, infinity}. It is infinity for CE Mode A. YCH is the same for different CE levels for paging (at least M-PDCCH). 

	Sony
	The Y_ch value can be power of 2, e.g. {2, 4, 8, 16} for Mode B.

Freq hopping is not required for unicast in Mode A since CSI feedback is available.

	Panasonic
	YCH value is in {2, 4, 8}. The larger repetition like 16, 32, and more are realized by YCH=8 for the commonality.  We don’t see the need to use larger YCH value.

	Intel
	OK with Samsung’s proposal. Additionally, in terms of configuration, Y_CH can be defined as Y_CH = R/2 for small number of repetitions (i.e., for repetition levels corresponding to CE mode A)

	MediaTek
	Ych for FDD is configured per CE level in {2, 5, 10, 15}

Ych for TDD is configured per CE level with 3 levels in {5, 15 for some 5ms TDD frame structure, 10, 20}

Hopping activation/deactivation is configured separately per channel.

	ZTE
	For FDD,YCH is in {2, 4, 8, 16, 32}

For TDD, considering periodicity of downlink-uplink switch point periodicity, YCH is in {5, 10, 20, 40, 80}.

	CATT
	For TDD, YCH is {5, 10, 20, 40, 80}.
For FDD, same YCH can be used for commonality. Otherwise, YCH is {2, 4, 8, 16, 32, 64}

	QC
	The values of Y_ch should be similar to the bundle sizes of PUSCH/PDSCH/MPDCCH, and we should not support Y_ch=1 due to switching overhead.

	ALU
	No strong views.


Question 9: Whether/how to have same frequency hopping pattern between UL and DL for TDD?
	Company
	Comments

	Nokia
	We have no strong view.

	NEC
	We have identified that if common hopping pattern is applied between UL and DL for TDD, there will be resource fragmentation for UL PUSCH for CE mode B. Because for a given UE if its DCI format is mapped to 6RBs (24CCEs) and UL RB allocation is 1RB where UL narrowband is same as the previous DL narrowband, then every MTC UE will have an isolated narrowband for UL PUSCH transmission. This will make the UL resources to be fragmented (i.e. MTC UEs cannot share same UL narrowband for PUSCH transmission) for CE Mode B.

In addition, it was already agreed that 4 narrowbands are applied for frequency hopping in DL channels (e.g. SIB1bis), so, it is not always possible to configure 2 narrowbands for frequency hopping for both DL and UL frequency hopping in TDD.

So, our preference is that a common hopping pattern is not applied between UL and DL for TDD.

	Samsung
	Seems possible by implementation.

	Ericsson
	A single frequency hopping pattern is shared by UL and DL subframes in TDD.

	LG
	To large extent, it can be up to the network configuration, for example, PUCCH resource and M-PDCCH. Yet, a single hopping pattern for UL and DL (the same hopping pattern applies per subframe basis) could be useful. 

	HW, HiSi
	Between UL and DL, the narrowband index for hopping can be the same or different, but the hopping granularity YCH might be better to be the same. Please also see questions in the PRACH informal email discussion.

	Sony
	No strong view, but would see benefit in having a common pattern between UL & DL to reduce retuning

	Intel
	Not a significant optimization considering the short retuning time. Shouldn’t be mandated to define aligned freq. hopping pattern – can be addressed via eNB implementation.

	MediaTek
	Early RAN4 LS is a little bit unclear: 

      For retuning between DL narrowbands, and from UL to DL (for TDD)

It is unclear whether it means the same narrow-band UL/DL switching or different narrow-band UL/DL switching. It is better to be clarified at first.

	ZTE
	Seems possible by implementation.

	CATT
	At least, it should be possible for network to configure same UL/DL hopping pattern for UL and DL to reduce retuning. 

	QC
	It is preferred to keep the same for TDD, but it can be left to eNB implementation.

	ALU
	No strong views.


3 Summary

Question 1: confirm the working assumption: For PUSCH/PUCCH, when frequency hopping is used, frequency hopping occurs between 2 narrowbands
Summary: no company objects to confirm this working assumption, thus the working assumption can be confirmed.

Proposal: confirm the working assumption: For PUSCH/PUCCH, when frequency hopping is used, frequency hopping occurs between 2 narrowbands
Question 2: for frequency hopping activation for unicast PUSCH, is the configuration included in M-PDCCH/PDSCH activation or activation/deactivation separately configured? 

Summary: 
Configure PUSCH frequency hopping activation/deactivation independently from M-PDCCH/PDSCH configuration: 
Supported by: Nokia, Samsung, NEC, Ericsson, LGE, HW, HiSI, InterDigital,  Sony, Intel, DoCoMo, KT, MediaTek, ZTE, CATT, QC, ALU
No company object PUSCH frequency hopping activation/deactivation configuration separately. 
Semi-statically configuration of frequency hopping: Ericsson, InterDigital, Intel, CATT

Proposal: For PUSCH frequency hopping activation/deactivation, it can be configured independently.

Question 3: Is symmetric hopping applied to PUCCH channel, just like legacy PUCCH intra-subframe hopping? Or is same hopping sequence as PUSCH applied?

Summary: 
PUCCH Symmetric hopping
Supported by: Nokia, Samsung, Erisson, LGE, HW, HiSi, InterDigital, Sony, Intel, DoCoMo, KT, MediaTek, ZTE, CATT, QC, ALU
No company object eMTC PUCCH symmetric hopping.
Proposal: For eMTC PUCCH, symmetric frequency hopping to central frequency of system bandwidth is applied.

Question 4: in case of the frequency hopping is activated between two narrowbands for M-PDCCH/PDSCH/PUSCH/PRACH, 

· Is the frequency offset between two narrowbands or absolute frequency location of two narrowbands?

· Option A: fixed 

· Option B: configurable 

· Option C: variable according to symmetric hopping, like legacy PUCCH hopping

· Hopping sequence:  hopping from one narrowband to another narrowband. Or other hopping sequence, please provide the details.

Summary: 
Hopping narrowbands determination:
· Option A
Supported by: Nokia, Samsung (for SIB1bis, PUCCH), InteDigital (SIB1bis, PUCCH), Sony, Panasonic (also fixed in the spec), Intel, DoCoMo (SIB1bis), KT, MediaTek (SIB1bis), ZTE (M-PDCCH/PDSCH/PUSCH, SIB1bis), CATT (SIB1bis) , QC(SIB1bis), ALU(SIB1bis)
· Option B
Supported by: Samsung (M-PDCCH, PDSCH, PUSCH), Ericsson (M-PDCCH,PDCH,PUSCH), LGE(M-PDCCH, PDSCH, PUSCH, PRACH), HW, HiSi, Interdigital (M-PDCCH,PDCH,PUSCH, PRACH), Sony (second choice), Intel, DoCoMo (M-PDCCH,PDCH,PUSCH), MediaTek (M-PDCCH,PDCH,PUSCH, PRACH), ZTE (M-PDCCH/PDSCH/PUSCH, PRACH), CATT (M-PDCCH/PDSCH/PUSCH, PRACH), QC(M-PDCCH/PDSCH/PUSCH, PRACH), ALU (M-PDCCH/PDSCH/PUSCH, PRACH)
· Option C: 
Supported by: Ericsson (PRACH), LGE (SIB1bis), 

Absolute frequency location for narrowbands: NEC

Hopping sequence:

· Hopping from one narrowband to another: Nokia, Samsung, Ericsson, KT, CATT
· modified Type 2 PUSCH hopping : NEC

In another way to summarize: 
Two hopping narrowbands determination
· For SIB1bis:
Option A: Nokia, Samung, InterDigital, Sony, Pansonic, Intel, DoCoMo, KT, MediaTek, ZTE, CATT, QC, ALU
Option C: LGE
· For M-PDCCH/PDSCH/PUSCH
Option A: Nokia, Sony, Panasonic, Intel, KT, ZTE
Option B: Samsung, Ericsson, LGE, HW, Hisi, Interdigital, Sony, Intel, DoCoMo, MediaTek, ZTE, CATT, QC, ALU

· For PRACH

Option A: Nokia, Sony, Panasonic, Intel, KT

Option B: Ericsson, LGE, HW, HiSi, InterDigital, MediaTek, ZTE, CATT, QC, ALU

Option C: Ericsson

Question 5: in case of the frequency hopping is activated among four narrowbands for M-PDCCH/PDSCH, 
· Is the frequency offset among four narrowband fixed or configured? Or are absolute frequency location of four narrowbands configured?

· Hopping sequence:

· Option 1: hopping with the order of narrowband index increase 

· Option 2: random hopping among four narrowbands according to the formula
Frequency offset among four narrowband is 
· Fixed: Nokia, Sony, Intel, KT, ZTE
· Configurable: Ericsson, LGE, HW, HiSi, DoCoMo, CATT, QC
· absolute frequency location of four narrowbands: NEC, ZTE
Hopping sequence

· Option1: Nokia, Samsung, Ericsson, HW, HiSi, Sony, Intel, DoCoMo, KT, MediaTek, CATT
· Optimized Option 1: LGE, ZTE, ALU
· Option 2: NEC, Panasonic, QC
Question 6: SIB1bis frequency hopping within two narrowbands and four narrowbands,  please provide the details of the frequency location of narrowbands and hopping sequence.

Narrowband determination

· The narrowbands are based on cell ID and system bandwidth (Nokia and ZTE proposal) and other narrowband derive based on fixed frequency offset

· Supported by: Nokia, CATT, ALU, ZTE
· The first narrowbands are pseudo-randomly determined similar to the USS (E)PDCCH candidates and other narrowband derive based on fixed frequency offset  (Samsung proposal)
· Supported by: Samsung, InterDigital

· KT’s proposal: KT 

Hopping sequence
· PUSCH type 2 sequence: NEC, Ericsson, Panasonic, HW, HiSi, MediaTek, ZTE, MediaTek(?)
· Hopping order with narrowband index increase: Nokia, Samsung, Intel, CATT, ALU, MediaTek(?)
Ych for SIB1bis
· Ericsson: Ych=TSIB1bis/RSIB1bis ms
· HW/HiSi: YCH = 10ms

· Samsung: YCH = 1ms
Question 7: Whether introduce new parameters for PRACH frequency hopping configuration, e.g., activation/deactivation, number of narrowbands and the narrowband index, or include the related hopping parameters in PRACH resource configuration
PRACH frequency hopping Acitvation/Deactivation includes in PRACH resource configurations
· Supported by: Nokia, NEC, Ericsson, HW, HiSi, InterDigital, Intel, DoCoMo, MediaTek, QC, ALU

· RRC signal the activation/deactivation: Samsung

· Activation/Deactivation by SIB: CATT, ZTE
Question 8: What should be Y_ch values for the CE levels? (Assuming 3 CE levels)

· For FDD Ych is in {[1], [2], 4, 8, [16], [32], [64], [infinity]} or {[2], [5], 10, [15], [20],  [infinity]}
· For TDD Ych is in {5, 10, 20, [40], [80]}

Question 9: Whether/how to have same frequency hopping pattern between UL and DL for TDD?
Yes: Ericsson, LG, CATT, QC
No: NEC

By implementation: Samsung, LG, Intel, ZTE, CATT, QC
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