	
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]3GPP TSG RAN WG1 meeting #99	R1-1912479
Reno, USA, November 18th – 22nd, 2019

[bookmark: Source]Agenda item:	7.2.8.1
Source: 	Samsung
Title: 	CSI enhancement for MU-MIMO
[bookmark: DocumentFor]Document for:	Discussion and Decision
Introduction
Based on the agreements made in RAN1#98bis [1] and the offline email discussion after the meeting, the following remaining issues about the DFT-compression based Type II overhead reduction are discussed in this contribution. 
· Remaining issues for codebook subset restriction
· UE capability 
Remaining issues for codebook subset restriction
The following agreements were made in RAN1#98bis [1], and via offline email discussion about codebook subset restriction (CBSR).
	Agreement
On CBSR for Rel.16 Type II codebook, support beam-group-based restriction analogous to Rel.15 Type II codebook. 
Agreement
For amplitude restriction mechanism:
· Alt 0. Analogous to Rel.15 Type II (SD beam group restriction + per coefficient hard amplitude restriction)
· Four beam groups are selected via higher-layer configured bitmap B1
· 

For each spatial beam in each of the four beam groups, hard restriction (maximum amplitude of 0 or 1) is applied to any of the coefficients associated with the beam (the restriction is applied for both polarizations of the beam). This maximum amplitude restriction is higher-layer configured with four bitmaps  
· 



Alt 3A from RAN1#98 (soft with sum-power-ratio constraint), simplified to  for each  where  denotes the number of NZCs associated with .
· 
[bookmark: MTBlankEqn]The value of  is configured from the Rel.15 2-bit amplitude restriction table
· The number of beam-groups is the same as Rel.15 Type II CBSR
Support Alt0 as mandatory and Alt3A (described above) as optional analogous to Rel.15 Type II codebook. 
· Cf. Notes in UE capability agreement in RAN1#98bis regarding “mandatory” and “optional”

	Offline agreement: On CBSR:
· In RAN1#99, agree on the additional text (draft CR) for clarifying the UE behavior when the UE does not report amplitudeSubsetRestriction=’supported’
· Draft CR proposals to be submitted to Rel.15 MIMO maintenance AI
· The same UE behavior for dealing with Rel.15 Type II CBSR is applied to Rel.16 Type II CBSR when the UE does not support soft amplitude restriction (“Alt3A” in RAN1#98bis)
Note: The agreement in RAN1#98bis implies that a UE capability on whether the UE supports soft amplitude restriction is introduced



A draft CR for Rel. 15 Type II CBSR is provided in our companion contribution [2]. According to the agreement to the offline agreement (via email discussion), the same solution is applied to the Rel. 16 Type II CBSR. We therefore propose to use the solution proposed in [2] for Rel. 16 CBSR, which is copied below.
There is another issue related to CBSR which the inequality in Alt3A of the agreement. This is captured in the draft 38.214 MIMO CR as the following. 
-------38.214 CR begins-----
The bitmap parameter n1-n2‑codebookSubsetRestriction-r16 forms the bit sequence  and configures the vector group indices  as in Subclause 5.2.2.2.3. Bits  indicate the maximum allowed average amplitude,  (), with , of the coefficients associated with the vector in group  indexed by , where the maximum amplitudes are given in Table 5.2.2.2.5-6 and the average coefficient amplitude is restricted as follows

Table 5.2.2.2.5-6: Maximum allowed average coefficient amplitudes for restricted vectors
	Bit

	Maximum
Average Coefficient Amplitude 

	
	

	00
	0

	01
	

	10
	

	11
	1


-------38.214 CR ends-----
[bookmark: _GoBack]The issue is with the value for . According to (the 1st sub-bullet) in the agreement,  is configured from the R15 table, whereas the CR replaces  with . In our view, in order to be consistent with the agreement, if we take square root, we should take square root of both sides of the inequality, not just one side of it. Therefore, we propose to either use the inequality as in the agreement, or take square root of both sides of it.
[bookmark: _Ref446598642]Proposal 1: For Rel. 16 Type II CBSR, 
· 
A UE that does not report parameter amplitudeSubsetRestriction = ‘supported’ in its capability signaling is not expected to be configured with  = 01 or 10.
· Capture either one of the following inequalities in TS 38.214
·   
·  .

UE capability
The following agreements were made in RAN1#98bis [1], and via offline email discussion about UE capability.
	Agreement
On CBSR for Rel.16 Type II codebook, support beam-group-based restriction analogous to Rel.15 Type II codebook. 
Agreement
For amplitude restriction mechanism:
· Alt 0. Analogous to Rel.15 Type II (SD beam group restriction + per coefficient hard amplitude restriction)
· Four beam groups are selected via higher-layer configured bitmap B1
· 

For each spatial beam in each of the four beam groups, hard restriction (maximum amplitude of 0 or 1) is applied to any of the coefficients associated with the beam (the restriction is applied for both polarizations of the beam). This maximum amplitude restriction is higher-layer configured with four bitmaps  
· 



Alt 3A from RAN1#98 (soft with sum-power-ratio constraint), simplified to  for each  where  denotes the number of NZCs associated with .
· 
The value of  is configured from the Rel.15 2-bit amplitude restriction table
· The number of beam-groups is the same as Rel.15 Type II CBSR
Support Alt0 as mandatory and Alt3A (described above) as optional analogous to Rel.15 Type II codebook. 
· Cf. Notes in UE capability agreement in RAN1#98bis regarding “mandatory” and “optional”

	Offline agreement: On UE capability related to the number PMI subbands, in RAN1#99, down select between these two alternatives:
· Alt2. Mandatory for N3<=19, optional for N3>19
· Alt3. Mandatory for R=1, optional for R=2
Offline agreement: On UE capability for concurrent codebook configuration, in RAN1#99, further discuss and identify alternatives (including not having such UE capability) for down selection in UE feature session



Regarding two alternatives in the offline agreement for the number of PMI subbands, our view is the following: 
· Alt2 implies that both R=1 and R=2 are mandatory if the number of CQI subbands is such that N3<=19. Since UE implementations for R=1 and R=2 can be different in practice, making both mandatory implies that the UE potentially need to support two different implementations just for this feature, which is not desired. We should not mandate UEs to have two different implementations for two R values. 
· The complexity of R=2 is significantly larger than that of than R=1, at least in most of the cases. 
· The gain with R=2 is expected to be significant only for large number CQI SBs and large BW sizes. For small number of SBs or/and small BW sizes, we are not sure R=2 has significant gain over R=1. So, for us, large number CQI SBs and large BW sizes are relevant for R=2 discussion.
Regarding concurrent codebooks, the likelihood of and need for NW configuring both Type I and Type II codebooks to a UE is unclear to us. Also, the system performance gain of such codebook configurations (when compared with the case when only Type I or only Type II codebook is configured), if there is any, needs further investigation. In addition, the number of CSI-RS resource for Type II codebook is restricted to one. Hence, the support for additional UE capability (in addition to what we have in Rel. 15) for concurrent codebooks is critical in our view. 
Regarding max rank, since the main use case of Type II CSI is MU-MIMO, for which the max rank (number of layers) per UE is 2 in practice, and UE complexity for rank 3-4 can be significantly larger than rank 1-2, we propose that rank 1-2 should be mandatory and rank 3-4 optional. 
We are open to discussing other UE capability issues such as extension of Rel.15 capabilities for Type II codebook, CPU occupancy, and the number of Reporting Settings can be discussed.

Proposal 2: Regarding UE capability,
· For number of PMI subbands, support Alt3, i.e., Mandatory for R=1, optional for R=2.
· UE capability signalling for concurrent codebooks is not supported. 
· Support rank 1-2 as mandatory and rank 3-4 as optional.
Conclusion
In this contribution, remaining issues about DFT-compression based Type II CSI overhead reduction. The proposals and observations made are summarized as follows.
Proposal 1: For Rel. 16 Type II CBSR, 
· 
A UE that does not report parameter amplitudeSubsetRestriction = ‘supported’ in its capability signaling is not expected to be configured with  = 01 or 10.
· Capture either one of the following inequalities in TS 38.214
·   
·  .
Proposal 2: Regarding UE capability,
· For number of PMI subbands, support Alt3, i.e., Mandatory for R=1, optional for R=2.
· UE capability signalling for concurrent codebooks is not supported. 
· Support rank 1-2 as mandatory and rank 3-4 as optional.
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