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1. Introduction
In RAN1 #91 meeting, the main issues for UL codebook based transmission have been resolved. Based on the following agreements [1], a UE can be configured with 1 SRS resource set for uplink codebook based transmission, which contains up to 2 SRS resources. How to use the 2 SRS resources is still unclear. Further, in RAN1 #88b meeting, it has been agreed that the frequency selective precoding is supported when the number of antenna ports is 4, the details for the frequency selective precoding are also unclear.
Agreement:
For codebook-based UL, UE can only be configured with one SRS resource set.
Only one SRS resource is selected within the set via the SRI field in UL grant.
The SRI field in UL grant is independently encoded from at least TPMI in the same UL grant.
The bitwidth of SRI field in UL grant is determined by N = ceil(log2(# of SRS resources in the set)).
Note: This SRS resource set can be reused for UL BM as well, or another separated SRS resource set for UL BM can be configured to the UE, according to gNB implementation.

Agreement:
Maximum number of SRS resources that can be configured for codebook based uplink transmission is 2
In this contribution, we will provide some discussions on the remaining issues for UL codebook design including the SRS resource configuration and the frequency selective precoding.
2. Discussion
2.1 SRS resource configuration
It has been agreed that for uplink codebook based transmission, a UE can be configured with 1 SRS resource set, which includes up to 2 SRS resources. If 2 SRS resource is configured, 1 bit SRI should be indicated in the DCI. However if the number of antenna ports in two SRS resources are different, the bit-width for uplink precoder indication could be different if different SRI is indicated. Therefore it is better that the SRS resources in the resource set for uplink codebook based transmission should be configured with the same number of antenna ports.
Further the SRS resources are used for panel selection, so the antenna port index should be different in different SRS resource. For multi-panel transmission, there can be the following options:
· Option 1: a single DCI is used to schedule multi-panel transmission
· Option 2: two separate DCIs are used to schedule multi-panel transmission
Compared to option 1, option 2 can be more flexible since the resource allocation can be different in different panels. To support single DCI based multi-panel transmission, the UE can be configured with only 1 SRS resource. Therefore for multi-panel transmission, if two SRS resources are configured, where the antenna port(s) index should be different in different SRS resources, two DCIs should be supported. 
Proposal 1: The number of antenna ports for each SRS resource in a resource set used for codebook based transmission should be the same.
Proposal 2: The antenna port index in different SRS resources in a resource set used for codebook based transmission should be different.
2.2 Subband Precoding
It has been agreed that when the number of antenna ports is 4, the subband precoding can be used. However, the delay spread for beamformed channel could be smaller than that for non-beamformed channel. There may be some performance loss for channel estimation if the PRG is small. Further if the number of PRG is large, the overhead of TPMI could be one issue. Therefore with regard to the subband TPMI indication, the number of PRG should be fixed. In appendix and [2], some system level simulation results are given for subband precoding, it can be observed that the performance gain is not significant if the number of PRG is large. Hence to reduce the control signaling overhead, the number of PRG for subband precoding should be fixed to be 2, and an addition subband TPMI can be indicated in the DCI if the subband precoding is enabled.
Further to be more flexible the wideband and subband precoder can be dynamically switched. If the MU-MIMO dimension is high, the wideband precoder may be better so that it is easier to distinguish the reference signal for different users and can increase the channel estimation performance; otherwise the subband precoder can be scheduled so that the frequency selective gain can be achieved. So if the value of this additional subband TPMI is invalid, the wideband precoding should be applied.
Proposal 3: For codebook based uplink transmission, the number of PRG should be up to 2.
3. Conclusions
In this contribution we have provided our views on codebook based UL transmission for NR. From the discussion, we have achieved the following proposals.
Proposal 1: The number of antenna ports for each SRS resource in a resource set used for codebook based transmission should be the same.
Proposal 2: The antenna port index in different SRS resources in a resource set used for codebook based transmission should be different.
Proposal 3: For codebook based uplink transmission, the number of PRG should be up to 2.
4. Text Proposal
The following text proposals are achieved based on proposals above.
=============== Text Proposal in 38.214 ======================
[bookmark: _Toc500966106]6.1.1.1	Codebook based UL transmission
For codebook based transmission, the UE determines its PUSCH transmission precoder based on SRI, TRI and TPMI fields from the DCI, where the TPMI is used to indicate the preferred precoder over the SRS ports in the selected SRS resource by the SRI when multiple SRS resources are configured, or if a single SRS resource is configured TPMI is used to indicate the preferred precoder over the SRS ports. The transmission precoder is selected from the uplink codebook, as defined in Subclause 6.3.1.5 of [4, TS 38.211].
For codebook based transmission, the UE determines its codebook subsets based on TPMI and upon the reception of higher layer parameter ULCodebookSubset which may be configured with ‘Full+Partial+Non-Coherent’, or ‘Partial+Non-Coherent’, or ‘Non-Coherent’ depending on the UE capability. The maximum transmission rank may be configured by the higher parameter ULmaxRank.
A UE reporting its UE capability of ‘Partial+Non-Coherent’ transmission shall not expect to be configured by ULCodebookSubset with ‘Full+Partial+Non-Coherent’. 
A UE reporting its UE capability of ‘Non-Coherent’ transmission shall not expect to be configured by ULCodebookSubset with ‘Full+Partial+Non-Coherent’ or with Full+Partial+Non-Coherent’.
For codebook based transmission, the UE may be configured with a single SRS resource set and only one SRS resource can be indicated based on the SRI from within the SRS resource set. The maximum number of configured SRS resources for codebook based transmission is 2. The number of antenna ports for each SRS resource should be the same. The antenna port index(es) in different SRS resource should be different.
When transform precoding is enabled, the number of PRG(s) is 1. When transform precoding is disabled, for 1 and 2 antenna ports, the number of PRG(s) is 1; for 4 antenna ports, the number of PRG(s) is up to 2.

=============== End of Text Proposal ========================
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Appendix – Simulation Results for Subband Precoding
Table A-1: System Level Simulation Results
	Number of PRG
	5% CDF SE [b/s/Hz]
	Average [b/s/Hz]

	1
	0.0966
	100.00%
	0.1341
	100.00%

	2
	0.1109
	114.80%
	0.1531
	114.17%

	5
	0.1202
	124.43%
	0.1625
	121.18%

	10
	0.127
	131.47%
	0.1691
	126.10%



Table A-2 Simulation Assumption
	Parameter
	Value

	Scenario
	UMa

	Subcarrier spacing
	30kHz

	Carrier frequency
	4 GHz

	MIMO scheme
	SU-MIMO

	Scheduler
	PF

	Traffic model
	Full buffer

	gNB antenna structure 
	(M, N, P, Q) = (4, 1, 2, 8)

	UE antenna structure
	(M, N, P, Q) = (1, 2, 2, 4)

	Precoding scheme
	Eigen vector based

	Channel estimation scheme
	perfect
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