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1. Introduction

An email discussion based on the way forward R1-102570 and some further discussion took place following RAN1#60bis. 

For the email discussion the following 24 companies participated:

Nokia, Nokia Siemens Networks, CATT, ZTE, Samsung, Mitsubishi, MediaTek, Potevio, Huawei, Pantech, Ericsson, ST-Ericsson, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell, Panasonic, LG Electronics, 
NTT DOCOMO, Sharp, Qualcomm, Motorola, NEC, ASUSTeK, InterDigital and Texas Instruments
This document is aimed for confirming the WF of R1-102570 and further discussions on uplink non-contiguous PUSCH resource allocation. This document summarizes the views expressed by 24 companies via email discussions, and the proposals are intended as a starting point for a discussion on possible agreements.
2. Way Forward of R1-102570
Regarding the way forward on uplink non-contiguous resource allocation in R1-102570, the following four bullet points in R1-102570 are asked if they are agreeable or not.
Q1) Support dynamic switching between Rel.8 single cluster transmission and Rel.10 multi-cluster PUSCH transmission?
Q2) DL/UL transmission mode can be configured independently? 

More exactly, it is possible for eNB to configure the following UL transmission methods independently from the DL transmission method.
    (contiguous/non-contiguous resource allocation and/or single antenna transmission/Tx diversity/MIMO(rank1, rank2, etc.)) 
This would be already general understanding in RAN1.
Q3) Size of each cluster is one of the following?
    N x 2RBs, N x 3RBs, N x 4RBs or N x 5RBs (N is integer number) 
    - Above values may be further reduced
Q4) No additional blind decoding at least for single antenna transmission?
2.1. Summary of discussion and proposals
Q1) Support dynamic switching between Rel.8 single cluster transmission and Rel.10 multi-cluster PUSCH transmission?
“Support dynamic switching between Rel.8 single cluster transmission and Rel.10 multi-cluster PUSCH transmission” means to allow for eNB to dynamically switch from non-contiguous resource allocation to contiguous resource allocation using Rel.8 DCI format 0 (i.e. resource allocation type 2 and DCI format 0 size) and vice versa.
According to the email discussion,

· Agree: 21 companies (Nokia, Nokia Siemens Networks, CATT, ZTE, Samsung, Mitsubishi, Potevio, Huawei, Pantech, Ericsson, ST-Ericsson, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell, Panasonic, LG Electronics, NTT DOCOMO, Sharp, Qualcomm, NEC, InterDigital, Texas Instruments)

· FFS: 1 companies (MediaTek)

· Other opinion: 2 companies (Huawei, ASUSTeK, Motorola) 

· Dynamic switching between contiguous RA and non-contiguous RA is supported. However, whether fallback to contiguous resource allocation is supported by the conventional RA type 2 in DCI format 0 or other RA scheme is FFS.

Observation

Rapporteur observes that most companies agreed to this point. 

	Proposal 1: 

· Support dynamic switching between Rel.8 single cluster transmission and Rel.10 multi-cluster PUSCH transmission


Q2) DL/UL transmission mode can be configured independently? 
More exactly, it is possible for eNB to configure the following UL transmission methods independently from the DL transmission method.
    (contiguous/non-contiguous resource allocation and/or single antenna transmission/Tx diversity/MIMO(rank1, rank2, etc.)) 
This would be already general understanding in RAN1.
According to the email discussion,

· All 24 companies agreed to this point.

· Motorola mentioned there seems consistency between Q2 and Q7. InterDigital also mentioned to add one sub-bullet that independent configuration of DL and UL transmission modes doesn’t necessarily imply all DL and UL modes are to be supported in arbitrary combination and this would be left FFS.

Observation
Rapporteur observes this point is agreeable, and as Motorola and InterDigital commented, several companies which agreed to this point seem not to intend that all DL and UL modes are to be supported in arbitrary combination according to their answers on Q6 and Q7 below. Therefore, propose to add a note for clarification. 

	Proposal 2: 

· DL/UL transmission mode can be configured independently
· Note that independent configuration of DL and UL transmission modes doesn’t necessarily imply all DL and UL modes are to be supported in arbitrary combination, 
and this would be left FFS.


Q3) Size of each cluster is one of the following? 
       N x 2RBs, N x 3RBs, N x 4RBs or N x 5RBs (N is integer number) 
        - Above values may be further reduced
According to the email discussion,
· Agreed: 16 companies (Nokia, Nokia Siemens Networks, ZTE, Samsung, Mitsubishi, MediaTek, Pantech, Panasonic, LG Electronics, NTT DOCOMO, Sharp, Qualcomm, NEC, ASUSTeK, InterDigital Texas Instruments)

· FFS: 1 companies (Potevio)

· Not to preclude 1RB granularity: 4 companies (Huawei, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell, Motorola)

· Huawei mentioned the out-band emission and can be reduced without precluding 1RB granularity and it is pre-mature to preclude reusing the already standardized solution such as DL type 1 RA.
· ALU/ASB mentioned frequency domain scheduling performance impact needs to be evaluated 
· Motorola mentioned reusing RB allocation type 0/1 makes most sense especially given its flexibility. Users with good coverage will not be limited by MPR when using 1 RB cluster(s).  Also one reason for dynamic switching was to avoid the inter-modulation problem for UEs at cell edge.
Observation

Rapporteur observes large number of companies agreed to this point, and the need to discuss if 1RB is also added as a candidate for the resource allocation unit of each cluster at this stage.  
	Proposal 3: 

· Size of each cluster is one of the following: 

· [Nx1RB], N x 2RBs, N x 3RBs, N x 4RBs or N x 5RBs (N is integer number) 

· Above values may be further reduced
Discuss whether to add 1RB granularity as a candidate of resource allocation unit of each cluster in RAN1#61


Q4) No additional blind decoding at least for single antenna transmission?
According to the email discussion,

· Agreed: 21 companies (Nokia, Nokia Siemens Networks, ZTE, Samsung, Mitsubishi, MediaTek, Potevio, Pantech, Ericsson, ST-Ericsson, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell, Panasonic, LG Electronics, NTT DOCOMO, Sharp, Qualcomm, NEC, ASUSTeK, InterDigital, Texas Instruments)

· Additional blind decoding (e.g. +16 BDs): 2 companies (Huawei, Motorola)

· Additional blind decoding for UL SU-MIMO capable UE: 1 companies (LG Electronics) 
· Motorola proposed this decision should take place after the RB allocation scheme has been determined.
· CATT suggested the number of blind decoding for single antenna transmission case should also follow the email decision on [60bis-02-LTE-A] Number of blind decodes. 
Observation
Most companies support no additional blind decoding (i.e. 44) for single antenna transmission. 

As CATT commented, the number of blind decodings including non-contiguous RA has been discussed as another email discussion [60bis-02-LTE-A]. Discussion and proposal in [60bis-02-LTE-A] seems to align with this discussion. 

	Proposal 4:
· No additional blind decodings for single antenna transmission. 
· The total number of blind decodings is 44
· The exact number of blind decodings for UL SU-MIMO transmission follows the decision from the email discussion on [60bis-02-LTE-A].


2.2. Summary of participated companies’ views

Following table summarizes views of 24 companies on Q1.
	Q1) Support dynamic switching between Rel.8 single cluster transmission and Rel.10 multi-cluster PUSCH transmission?

	Company
	Comment/Proposal

	Nokia/NSN
	Yes

	CATT
	Yes

	ZTE
	Yes

	Samsung
	Yes

	Mitsubishi
	Yes

	MediaTek
	FFS

	Potevio
	Yes

	Huawei
	According to Daichi-san’s clarification, it is within the scope of single transmitting antenna. In my view, it is good to the scheduler if dynamic switching between single cluster and multi-cluster can be supported. Although I do not see the reason of supporting dynamic switching to Rel.8 single cluster transmission with DCI format 0 when unlimited (or variable) number of clusters can be supported, there seems no harm to do so considering DCI format 0 shares the same payload size of DCI format 1A for DL. So we are fine with this proposal.

	Pantech
	Yes

	Ericsson/ST-Ericsson
	Yes

	ALU/ASB
	Agree

	Panasonic
	Yes

	LGE
	Agree. In the last meeting, power back-off issue was raised by RAN4. In order to make power back-off problem easier, dynamic switching between Rel.8 single cluster transmission and Rel.10 multi-cluster PUSCH transmission should be supported.

	NTT DOCOMO
	Yes

	Sharp
	Yes

	Qualcomm
	Yes

	Motorola
	Dynamic switching is possible with new DCI format that supports both contiguous and non-contiguous allocations. For example, a new DCI format similar to DCI format 0 but re-using resource allocation type 0/1 (actually less bits than type 2 for 5MHz BWs and below).  This also allows more flexibility in the number and location of clusters which we think is important since it is hard to see performance benefit of non-contiguous PUSCH over contiguous PUSCH (see R1-103170) given realistic assumptions.  Harder still if # and location of clusters is constrained. Otherwise we create low priority feature (UE complexity increases but never deployed in practice or RAN4 declines to prioritize it).

	NEC
	Yes

	ASUSTeK
	Dynamic switching between non-contiguous and contiguous resource allocation should be allowed. However, whether fallback to contiguous resource allocation is supported by the conventional RA type 2 in DCI format 0 or other RA scheme is FFS.

	InterDigital
	We agree with the proposal as is.

	Texas Instruments
	Yes


Following table summarizes views of 24 companies on Q2.
	Q2) DL/UL transmission mode can be configured independently? 

	Company
	Comment/Proposal

	Nokia/NSN
	Yes

	CATT
	Yes

	ZTE
	Yes

	Samsung
	Yes

	Mitsubishi
	Yes

	MediaTek
	Yes

	Potevio
	Yes

	Huawei
	Agree

	Pantech
	Yes

	Ericsson/ST-Ericsson
	Yes

	ALU/ASB
	Agree

	Panasonic
	Yes

	LGE
	Agree. we fail to see any reason why we have a kind of relation between DL transmission mode and UL transmission mode.

	NTT DOCOMO
	Yes

	Sharp
	Yes

	Qualcomm
	Yes

	Motorola
	Yes, flexibility is desirable which should extend to cluster size and location as well.  Assume question 2 is related to Alt2 in question 7

	NEC
	Yes

	ASUSTeK
	Yes, to avoid dependency between UL/DL transmission mode is important.

	InterDigital
	We believe that it is important to endorse the principle of configuring and maintaining the DL and the R10 UL transmissions modes independently. In that sense, we are supportive of the wording. However, we question the need to support dynamic switching between single cluster versus non-contiguous PUSCH in conjunction with all DL transmission modes. Maybe we can add a bullet that captures the idea that independent configuration of DL and UL transmission modes doesn’t necessarily imply all DL and UL modes are to be supported in arbitrary combination, and this would be left FFS.

	Texas Instruments
	Yes


Following table summarizes views of 22 companies on Q3.
	Q3) Size of each cluster is one of the following?
       N x 2RBs, N x 3RBs, N x 4RBs or N x 5RBs (N is integer number) 

        - Above values may be further reduced

	Company
	Comment/Proposal

	Nokia/NSN
	Yes

	ZTE
	Yes

	Samsung
	Yes

	Mitsubishi
	Yes

	MediaTek
	Yes

	Potevio
	FFS

	Huawei
	In my understanding, the out-band emission is not only related to the RA granularity, but also the position and number of allocated RBs. For example, allocating 2 clusters with 2 RBs per cluster at the bandwidth-edges brings similar emission as 1RB+3RB. For signaling overhead reduction, enlarging granularity is not the only way.  A case in point is that DL type 1 resource allocation requires the same signaling overhead as type 0 but provides 1-RB granularity. What’s more, such limitation will reduce the possible gain that non-contiguous transmission could achieve. So we consider it is pre-mature to preclude reusing the already standardized solution such as DL type 1 RA.

	Pantech
	Yes

	ALU/ASB
	We also think 1RB cluster size should not be excluded from RAN1 specification. The suggestion seems to impose same size for all clusters, which seems to limit the use case for fragmented spectrum. Furthermore, frequency domain scheduling performance impact needs to be evaluated. So further study is needed.

	Panasonic
	Yes

	LGE
	Agree. According to the non-contiguous UL resource allocation proposals so far, resource allocation with RBG granularity may be inevitable to reduce the number of signaling bits for resource allocation. It would be better to tie the RBG size to system bandwidth as in DL.

	NTT DOCOMO
	Yes

	Sharp
	We prefer N x 2 RBs. In general, smaller size would be preferable for scheduling flexibility and its gain

	Qualcomm
	Yes

	Motorola
	We also think 1RB cluster size should not be excluded and reusing RB allocation type 0/1 makes most sense especially given its flexibility.  Users with good coverage will not be limited by MPR when using 1 RB cluster(s).  Also one reason for dynamic switching was to avoid the inter-modulation problem for UEs at cell edge.

	NEC
	Yes

	ASUSTeK
	Yes

	InterDigital
	We support the current wording, and recommend to consider down-selection of above possible cluster sizes. We primarily see the case of 2 to 4 RB’s as important for the scheduler.

	Texas Instruments
	Yes


Following table summarizes views of 24 companies on Q4.
	Q4) No additional blind decoding at least for single antenna transmission?

	Company
	Comment/Proposal

	Nokia/NSN
	Yes

	CATT
	Our view is that the BDs for single carrier is already taking place in the other thread "[60bis-02-LTE-A] Number of blind decodes - 1. What is the maximum number of blind decodes for single carrier operation (Non-contiguous resource allocation, UL MIMO)?" For single antenna transmission case should also follow the decision there

	ZTE
	Yes

	Samsung
	Yes

	Mitsubishi
	Yes

	MediaTek
	Yes

	Potevio
	Yes

	Huawei
	For the UE supporting UL MIMO, most probably additional blind decoding attempts need to be supported. In Rel-8, all the UEs have the same capability of blind decoding. So we propose not to exclude supporting additional blind decodes for the UE supporting non-contiguous RA in LTE-A.

	Pantech
	Yes

	Ericsson/ST-Ericsson
	Yes, no additional blind decodings.

	ALU/ASB
	Agree

	Panasonic
	Yes

	LGE
	We prefer no additional BD for non-MIMO capable UEs (e.g. 44). However, for MIMO capable UEs, additional BD for non-contiguous resource allocation may be considered for non-MIMO Tx mode as long as that doesn’t increase the Max BD of the MIMO capable UEs (e.g. 60)

	NTT DOCOMO
	Yes

	Sharp
	Yes

	Qualcomm
	Yes

	Motorola
	We think this decision should take place after the RB allocation scheme has been determined.  In any event reuse of type 0/1 resource allocation gives the best chance of getting performance gain with non-contiguous PUSCH so we prefer +16BD for a new DCI format with different size than DCI format 0.  The 16 BDs is needed anyway for UL MIMO DCI formats and any other future DCI formats for new transmission modes - e.g:-  
01 – PUSCH data assignment for single codeword with contiguous and non-contiguous RA support
01B – PUSCH data assignment for rank-1 closed-loop MIMO transmission
02 – PUSCH data assignment for closed-loop MIMO operation
02A – PUSCH data assignment for open-loop MIMO operation
rel-8: 0    - PUSCH data assignments for single codeword using a compact format 

	NEC
	Yes

	ASUSTeK
	Yes

	InterDigital
	Yes, we agree.

	Texas Instruments
	Yes


3. Further questions beyond the WF of R1-102570

The following four questions beyond the WF in R1-102570 are also asked in the email discussion.
Q5) Whether to support non-contiguous RA for UL SU-MIMO?

Q6) What is the maximum number of clusters? and why?

        Alt.1: 2

        Alt.2: 3

        Alt.3: no limitation

 Q7) DCI format size for single antenna transmission?

        Alt.1: Aligned with Rel.8 DCI format 0/1A

        Alt.2: Aligned with Rel.8 DL DCI formats (e.g. 1, 2, 2A,..)

        Alt.3: Others (e.g. New format size)

Q8) DCI format size for SU-MIMO?
3.1. Summary of discussion and proposals
Q5) Whether to support non-contiguous RA for UL SU-MIMO?
According to the email discussion,

· To support non-contiguous RA for UL SU-MIMO:  20 companies (Nokia, Nokia Siemens Networks, CATT, Samsung, Mitsubishi, MediaTek, Potevio, Pantech, Ericsson, ST-Ericsson, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell, Panasonic, LG Electronics, NTT DOCOMO, Sharp, Qualcomm, NEC, InterDigital, Texas Instruments)
· Not to support non-contiguous RA for UL SU-MIMO : 1 company (ZTE)

· FFS:  3 companies (Huawei, Motorola, ASUSTeK)
· Some companies are concerned about the amount of standard/test efforts in Rel.10 timeframe and its performance gain. 
Observation

Most companies consider supporting non-contiguous RA for UL SU-MIMO .
	Proposal 5:

· Support non-contiguous resource allocation for UL SU-MIMO transmission in addition for single antenna transmission as a baseline assumption


Q6) What is the maximum number of clusters? and why? 

· Alt.1: 2 clusters
· Alt.2: 3 clusters
· Alt.3: no limitation
According to the email discussion, 
· Alt.1 (2 clusters): 13 companies  (Nokia, Nokia Siemens Networks, ZTE, Samsung, Mitsubishi, MediaTek, Huawei, Pantech***, Ericsson, ST-Ericsson, LG Electronics*, ASUSTeK, Texas Instruments*)

Reasons to support alt.1

· Most of the gain from non-contiguous RA can be obtained

· Minimize signalling overhead

· Minimizes the standard effort, e.g. RAN4 work for testing requirements is also contained/minimized.

· Easily support no additional blind decoding requirement compared to Alt.2/3.

· Alt.2 (3 clusters): 9 companies (Mitsubishi, Potevio, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell, Panasonic**, NTT DOCOMO, Sharp, NEC, Texas Instruments**).
Reasons to support alt.2
· Almost maximum gain from non-contiguous RA can be obtained. 

· Good trade off on the gain, signalling overhead and RAN4 burden between Alt.1 and Alt.3

· Alt.3 (No limitation): 8 companies (CATT, Huawei, Panasonic*, NTT DOCOMO, Sharp, Qualcomm, Motorola, NEC)

Reasons to support alt.3
· Maximum gain from non-contiguous RA is obtained 

· More flexible resource allocation can improve packing efficiency

· Minimizes the standard effort because of e.g. reusing Rel.8 resource allocation type 0/1.
· ZTE commented it is good to consider the potential re-usage of clustered PUSCH DCI design for granting multiple contention-based PUSCH resources if RAN2 agrees the contention based PUSCH transmission for latency reduction
*) 1st preference

**) 2nd preference

***) for single antenna transmission.
Observation

Although a larger number of companies supported Alt.1 (max. 2 clusters) participated companies’ preferences still varied among Alt.1, Alt.2 and Alt.3, because they would have different priority on the selection criteria, e.g. possible performance gain, signalling overhead, DCI format size, number of blind decoding, specification/test effort, etc. 

Rapporteur observed it is difficult to agree a unified solution within this email discussion. 

	Proposal 6:
Further discussion is needed in conjunction with DCI format size discussion on Q7 in RAN1#61


Q7: DCI format size for single antenna transmission? 
· Alt.1: Aligned with Rel.8 DCI format 0/1A
· Alt.2: Aligned with Rel.8 DL DCI formats (e.g. 1, 2, 2A,..) 
· Alt.3: Others (e.g. New format size)
According to the email discussion,
· Alt.1(Aligned with Rel.8 DCI format 0/1A): 15 Companies (Nokia, Nokia Siemens Networks, CATT*, ZTE*, Samsung, Mitsubishi, MediaTek*, Pantech, Ericsson, ST-Ericsson, LG Electronics, NEC*, ASUSTeK*, InterDigital, Texas Instruments)

· Alt.2(Aligned with Rel.8 DL DCI formats (e.g. 1, 2, 2A,..) ): 6 companies (Alcatel-Lucent***, Alcatel-Lucent Shanghai Bell***, Panasonic, NTT DOCOMO, Qualcomm, NEC**)
· Alt.3 (Others (e.g. New format size)): 6 companies (CATT**, Huawei, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell, Motorola, ASUSTeK**)

· Huawei also proposed multi Rel.8 DCI format 0 to support multi-clusters.
· FFS: 1 company (Sharp)

*) If the number of cluster is limited as 2 in Q6

**) If the number of clusters are 3 or no limited in Q6

***) If RA type 0/1 is reused

Several companies mentioned DCI format size depends on Q 6 above (i.e. the maximum number of maximum clusters)

Observation

As several companies commented, there seems to be tight relation between Q6 (i.e. the maximum number of clusters) and Q7 (DCI format size), e.g. 
· If the maximum number of clusters is 2, DCI format size is aligned with Rel.8 DCI format 0/1A 

· If the maximum number of clusters is 3 or no limitation, DCI format size is aligned with Rel.8 DL DCI format (1,2,2A…)

· If the maximum number of clusters is 3 or no limitation and if additional blind decoding is allowed for single antenna transmission, new DCI format size is defined.

Further discussion is needed in conjunction with DCI format size discussion on Q6 in RAN1#61.
Q8) DCI format size for SU-MIMO?
According to the email discussion, 
· 12 companies (Nokia, Nokia Siemens Networks, Samsung, Mitsubishi, MediaTek, Pantech, Ericsson, ST-Ericsson, LG Electronics, NEC, ASUSTeK, Texas Instruments) proposed same DCI format size between contiguous and non-contiguous for UL SU-MIMO.

· 9 companies (Potevio, Huawei, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell, NTT DOCOMO, Sharp, Motorola, NEC, ASUSTeK) expressed as FFS because DCI format size for UL SU-MIMO depends on UL SU-MIMO design details. 

· ZTE proposed new DCI format only for contiguous RA for UL SU-MIMO.

· Panasonic proposed new DCI format for non-contiguous RA for UL SU-MIMO is at least defined and whether to support contiguous RA for UL SU-MIMO in addition to non-contiguous RA is FFS.

· Qualcomm mentioned both clustered PUSCH resource allocation and SU-MIMO can be supported via size-matching the mode-dependent DL and UL DCI formats.
· InterDigital recommend to stick to the design principle of the non-contiguous PUSCH grant format matching the size of the single cluster baseline grant format – for any UL Transmission mode.
Observation

Rapporteur observed it is premature to discuss DCI format size of non-contiguous RA for UL SU-MIMO because UL SU-MIMO design details and the number of blind decodings for UL SU-MIMO capable UE have not been clear yet. 
Rapporteur also observed that large number of companies seem to consider same resource allocation signalling schemes of non-contiguous RA for single antenna transmission is also applied for UL SU-MIMO, if non-contiguous RA is also supported for UL SU-MIMO. 
	Proposal:
Revisit after completing non-contiguous RA signalling method for single antenna transmission, in conjunction with UL SU-MIMO design details. 


3.2. Summary of participated companies’ views

Following table summarizes views of 24 companies on Q5.
	Q5) Whether to support non-contiguous RA for UL SU-MIMO?

	Company
	Comment/Proposal

	Nokia/NSN
	We see no reason to limit usage of non-contiguous RA into single-antenna-port mode only. On the contrary we see that clustered transmission can benefit from precoding e.g., based on wideband (long term) channel characteristics.

	CATT
	Yes

	ZTE
	Not to support it considering that only single PMI is supported for UL SU-MIMO while non-contiguous PUSCH RA may have large span in frequency domain. We think non-contiguous RA is mainly used in rich scattering environment to exploit frequency diversity gain, so SU-MIMO with single wideband PMI is not suitable for clustered PUSCH transmission and only marginal gain can be brought in some cases. In addition, overdesigning the clustered PUSCH transmission results in more standard efforts.

	Samsung
	Yes

	Mitsubishi
	Yes, support non-contiguous RA for UL SU-MIMO. Non-contiguous RA provides better packing efficiency of the scheduling also in this case.

	MediaTek
	Yes. Non-contiguous RA earns more throughputs by exploiting multiuser diversity in a more thorough way. Spatial multiplexing of SU-MIMO increases throughputs by multiplexing bit streams. The 2 schemes can help each other. We see no reason to limit the use of non-contiguous RA only to signal-antenna mode.

	Potevio
	Yes. Extra frequency diversity gain can be obtained even in UL SU-MIMO. We think non-contiguous RA should be supported for UL SU-MIMO.

	Huawei
	FFS

	Pantech
	Yes

	Ericsson/ST-Ericsson
	Yes

	ALU/ASB
	Yes, for added frequency selective scheduling flexibility for SU-MIMO, without additional Rx complexity

	Panasonic
	The non-contiguous resource allocation for UL SU-MIMO should be supported. The system performance improvement can be expected because the non-contiguous resource allocation can bring out the gain of frequency channel dependent scheduling and the improvement of frequency resource utilization due to more flexible RB assignment as well as the case of SIMO.

	LGE
	Our opinion is actually inline with NNSN

	NTT DOCOMO
	Yes

	Sharp
	Yes, We can't find any reason not to support non-contiguous RA for SU-MIMO. We think that the RBs, the gain of which is maximized by single precoder, are not always contiguous.

	Qualcomm
	Yes.

	Motorola
	FFS until performance gain can be shown with realistic assumptions.  Also gets back to flexibility in number of clusters and cluster location

	NEC
	Support non-contiguous RA for UL SU-MIMO. The throughput gain by non-contiguous RA can be obtained for UL SU-MIMO.

	ASUSTeK
	FFS. From signaling design point of view, the cost to support non-contiguous RA seems not much.

	InterDigital
	We agree that using non-contiguous PUSCH in conjunction with UL SU MIMO offers potential. Therefore, we should not preclude this possibility for now. However, given the little amount of time left for completion of Stage 3 in R10, it needs to be better understood how much additional specification work is needed to introduce and test this case, and if this is in reach or better left for beyond R10.

	Texas Instruments
	Yes


Following table summarizes views of 24 companies on Q6.
	Q6) What is the maximum number of clusters? and why? 

•
Alt.1: 2 clusters

•
Alt.2: 3 clusters

•
Alt.3: no limitation

	Company
	Comment/Proposal

	Nokia/NSN
	we Agree with Alt.1 : Only dual-cluster is supported.  Since 1. it minimizes the standard effort and signaling overhead 2. Simulation results already show that clusters good enough.  

	CATT
	Alt 3, for the sake of flexibility

	ZTE
	No strong view. If DCI format for clustered PUSCH transmission should match the size of DCI format 0, Alt.1 is natural choice, otherwise we do not see else strong need to limit the number of clusters except RAN4 working burden. It is good to consider the potential reusage of clustered PUSCH DCI design for granting multiple contention-based PUSCH resources if RAN2 Agrees the contention based PUSCH transmission for latency reduction

	Samsung
	Alt. 1 – same view as Nokia/NSN. RAN4 work for testing requirements is also contained/minimized as also mentioned by ZTE.

Also, even under unrealistically optimistic assumptions for the performance with many clusters, we find that practically all gains in terms of throughput and BW utilization are obtained for 2 clusters.

	Mitsubishi
	Alt 1 or Alt 2 because it provides a good compromise between performance and signalling overhead

	MediaTek
	Alt. 1. Please see the reasons in R1-102849 of the coming meeting.

	Potevio
	Atl. 2. Considering RAN4 testing requirements and DCI format design simplification, Alt. 2 is a good tradeoff.

	Huawei
	Based on our simulation results [R1-101055], restricting the number of clusters doesn’t bring too much performance loss. So we support either alt.1 or alt. 3, depending on the associated DCI design. I’d also clarify that in my opinion, DL resource allocation type0/1 is the kind of RA without limitation of cluster number. Is it aligned with others’ opinion?

	Pantech
	Alt 1. for single antenna transmission. FFS for UL SU-MIMO

	Ericsson/ST-Ericsson
	2 clusters. There are several proposals how to align DCI format size for non-contiguous RA with DCI format 0/1a which avoids additional blind decodings. This is not possible with more than 2 clusters or would introduce many restrictions on the clusters if this is supported for more than 2 clusters.

	ALU/ASB
	Alt. 2, if we have to limit the number of clusters. Our system-level simulation result shows that there is gain with 3-4 clusters as shown in our contribution R1-102786. Most of the throughput gain can be achieved with 4 clusters

	Panasonic
	We Agree with Alt.2 or Alt.3. In terms of performance, 3 clusters is necessary and sufficient in order to fully obtain the performance gain by non-contiguous resource allocation as shown in R1-102865. 

From the signalling perspective, bit-map based indication (no limitation) is preferable because it is able to reuse the Rel.8 mechanism for reducing standardization effort.

	LGE
	Alt.1 is our first preference and Alt.3 is the next if possible. This answer is related to the questions 4 and 7. Our preference is to align UL non-contiguous DCI format size with Rel.8 DCI format 0/1A, and Alt.1 is appropriate for the DCI format design. If additional gain from more than 2 clusters is significant, additional DCI format for UL non-contiguous resource allocation with resource allocation type0 can be considered in case of UL non-MIMO Tx mode under the assumption that additional blind decoding capability is introduced by UL-MIMO UEs.

	NTT DOCOMO
	We prefer Alt.2/3 in order to support more than 2 clusters.

	Sharp
	Alt 2 or 3. We have already shown that 3 or more clusters can derive more throughput gain

	Qualcomm
	Alt 3. As detailed in our contribution R1-102752, we prefer to support multi-cluster PUSCH resource allocation using the mode-dependent DCI format (instead of 1A/0) and match the DCI sizes of DL and UL grants. The same REG concept in DL resource allocation can be reused, which effectively supports 3 or more clusters.

	Motorola
	We think Alt.3 is best chance to see a gain with non-contiguous PUSCH.  Rel-8 Type 0/1 RB allocation scheme can support this.  To reduce RAN4 loading we can always push non-contiguous PUSCH to Release 11.

	NEC
	In terms of the gain by non-contiguous RA, we support Alt2 or 3. However, the standardization efforts should be considered.  

	ASUSTeK
	Our preference is Alt.1. At least Alt.3 is precluded considering the marginal gain to support it.

	InterDigital
	We prefer Alt1 (2 clusters). Avoiding additional BD’s resulting  from support of non-contiguous PUSCH and corresponding DCI design is the primary consideration for us. However, we are open to a larger number of clusters, e.g. 3, if the UL grant RB allocation can be (re-)designed in a way that the number of BD’s is kept the same, while the restriction onto the allowed PUSCH cluster sizes still allows in meaningful scenarios for the scheduler.

	Texas Instruments
	Alt1 (2 clusters) or 2 (3 clusters) is fine for us with a slight preference on Alt 1.


Following table summarizes views of 23 companies on Q7.
	Q7: DCI format size for single antenna transmission? 

•
Alt.1: Aligned with Rel.8 DCI format 0/1A

•
Alt.2: Aligned with Rel.8 DL DCI formats (e.g. 1, 2, 2A,..) 

•
Alt.3: Others (e.g. New format size)

	Company
	Comment/Proposal

	Nokia/NSN
	We Agree with Alt.1. If maximum cluster number is 2, it's possible to make cluster RA of the same bit to that of Rel.8 localized RA.

	CATT
	If Alt 1 is decided for question 6, then Alt1. If Alt 2 or 3 is decided for question 6, then Alt 3.

	ZTE
	It is related to question 6

	Samsung
	Alt. 1. This is just a different UL RA mode and the UL DCI format should be used (similar to the different DL RA modes in Rel-8 where the same DL DCI format is used).

Using a DL DCI format (Alt. 2) would result to unnecessary complexity due to multiple combinations, unnecessary PDCCH overhead due to padding, and may not even work for all DL DCI formats (e.g. 1B, 1D).

Using a new DCI format (Alt.3) will increase the number of blind decodes (undesirable and also against the WF in R1-10 2570).

	Mitsubishi
	Alt 1 in order to avoid unnecessary PDCCH overhead and additional blind detections.


If Alt. 1 is decided for question 6, then Alt 1. For 2 clusters, some resource allocation signaling schemes have been proposed to maintain the same bit length as Rel-8 DCI format 0/1A. If Alt 2 or 3 is decided for question 6, then we have no strong view. 

	
	

	Huawei
	Alt3: new format size or multi Rel.8 DCI format 0 indicating multi UL grants to support multi-clusters.

	Pantech
	Alt 1

	Ericsson/ST-Ericsson
	Alt 1. DCI 0/1a size

	ALU/ASB
	This depends on RA scheme. If type 0/1 RA scheme is reused, Alt.2 (ie align with size of R8 DL DCI Format 1). If new RA scheme is used, Alt.3 (new format and new DCI format size could be considered).

	Panasonic
	We prefer Alt.2. DL assignment and UL non-contiguous allocation can be distinguished by redefining the resource allocation header in Rel.8 DL DCI format 1, 2, 2A, 2B. (Details in R1-102866).

	LGE
	Alt.1 is preferred for a single unified design of non-contiguous resource allocation. DL DCI formats (1, 2, 2A, …) have different resource allocation types (Type0/1 and Type2) and different contents, which result in different number of bits. Therefore, Alt.2 is not appropriate for the single unified non-contiguous resource allocation design.

	NTT DOCOMO
	We prefer Alt.2 for reusing RB allocation type 0. See R1-103251.

	Sharp
	We Agree that the bit size of UL-grant should be aligned with other existing DCI formats. However, we think this discussion is a little premature because the overall necessary information is unclear (e.g. DAI for FDD carrier aggregation, aperiodic SRS etc.), and it would be difficult to fix the exact bit size at this moment. Therefore, we propose to keep FFS.

	Qualcomm
	Alt 2. Again, it is our view that the support of multi-cluster PUSCH resource allocation is preferably aligned with the mode-dependent DL DCI formats.

	Motorola
	We prefer Alt 3.  For 5MHz and below the DCI format size based on DCI format 0 but with Type 0/1 RB allocation can actually be the same size or smaller than DCI format 0 (only two bits larger for 10MHz).  Note Agreement for accepting non-contiguous PUSCH was to reuse Type 0/1 RB allocation which seems to conflict with later WF R1-102570.  We think Alt 3 has lowest complexity and most reuse and most flexibility.

	NEC
	If Alt 2 or 3 is defined for Q6, we support Alt 2. If Alt 1 is decided for Q6, we support Alt 1.

	ASUSTeK
	We prefer Alt.1. If Alt.2 in Q6 is adopted, we’ll support Alt.3.

	InterDigital
	Alt 1 is our preferred way forward.

	Texas Instruments
	Alt1 consistent with the 2-cluster limitation.


Following table summarizes views of 24 companies on Q8.
	Q8) DCI format size for SU-MIMO?

	Company
	Comment/Proposal

	Nokia/NSN
	DCI format size for SU-MIMO should be the same between localized RA and non-contiguous RA, we have shown our view in R1-101903.

	CATT
	some additional bits such as NDI, MCS, precoding information should be supported, please see R1-102659 for coming meeting

	ZTE
	Standard effort is less if we only need to design the DCI format for SU-MIMO with contiguous resource allocation :). 

	Samsung
	Same view as Nokia/NSN. The DCI format for SU-MIMO should be the same between localized RA and non-contiguous RA.

	Mitsubishi
	The DCI format size should be the same for single-cluster SU-MIMO and multi-cluster SU-MIMO. 
FFS whether to introduce a new DCI format size for this purpose (i.e., to allow 16 additional blind detections).

	MediaTek
	DCI format size of SU-MIMO should be the same between contiguous RA and non-contiguous RA.

	Potevio
	FFS

	Huawei
	FFS

	Pantech
	The new DCI format size for SU-MIMO is FFS. DCI format size of non-contiguous SU-MIMO should be same as contiguous RA.

	Ericsson/ST-Ericsson
	The resource allocation method used for SU-MIMO should be the same as for the SIMO grant and thus also the size of the resource allocation

	ALU/ASB
	FFS. It depends on UL SU-MIMO DCI format design.

	Panasonic
	For UL SU-MIMO, new DCI format for non-contiguous RA should be defined and separate blind decoding should be used. Contiguous RA for UL SU-MIMO is FFS.

	LGE
	Our opinion is inline with NNSN

	NTT DOCOMO
	FFS

	Sharp
	FFS

	Qualcomm
	As shown in our contribution R1-102752, both clustered PUSCH resource allocation and SU-MIMO can be supported via size-matching the mode-dependent DL and UL DCI formats. Note that the matching of DL and UL grants are in terms of DCI sizes. DL and UL transmission modes can still be configured independently.

	Motorola
	FFS. It depends on UL SU-MIMO design details

	NEC
	FFS. DCI format size for SU-MIMO is same between contiguous RA and non-contiguous RA.

	ASUSTeK
	FFS. If non-contiguous RA is supported, the size should be the same as that of contiguous RA.

	InterDigital
	In order to maintain the ability for dynamic switching between single cluster and multiple cluster allocations by the scheduler, while keeping the number of BD’s the same for the UE, we recommend to stick to the design principle of the non-contiguous PUSCH grant format matching the size of the single cluster baseline grant format – for any UL Transmission mode.

	Texas Instruments
	Same UL SU-MIMO DCI format for contiguous and non-contiguous RA.
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