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Introduction
In RAN#78 meeting, NSA specifications of NR were declared as complete and frozen. It has been agreed that RAN1 shall continue to focus on stabilizing basic and essential functionality for the scope of the December drop.  There are some issues on codebook based UL transmission. We provide our views and TPs on these open issues in this contribution.
No SRS v.s. At least 1 SRS resource for CB based UL
[bookmark: _Hlk500920575]In last meeting, it is discussed that whether NR should allow no SRS configuration for codebook based UL. The following two alternatives have been proposed.
Alt 1: NR allows no SRS configuration for codebook based UL
Alt 2: UE expects to be configured with at least one SRS resource(s) for codebook based UL
In codebook based UL, gNB measures SRS to acquire UL channel and indicates TPMI in DCI. SRS would occupy a few OFDM symbols in one slot, but it can also be reused to predict DL channel for DL scheduling and data transmission. In addition, aperiodic SRS can be triggered only when there is a need.  Then SRS overhead or power consumption is not a big issue. Hence the motivation of Alt 1 is not clear.
The solution from proponents of Alt 1 is to use DMRS to support UL transmission, including precoder indication. However, DMRS is a partial-band RS, which only appear in the RBs with UL data transmission. gNB cannot acquire the WB channel based on DMRS and hence cannot support frequency selective UL scheduling well.  TPMI measured from DMRS is not accurate enough if the scheduled subbands change. . Hence, gNB often cannot rely on DMRS for good link adaptation for codebook based UL transmission.  If DMRS is used, it would take more time to adapt to the channel.  It may not end up saving any overhead or power.  Therefore, it makes more sense to trigger SRS transmission before codebook based UL transmission.  The use case of codebook based UL transmission without SRS is not clear.
Based on the above analysis, we have the following proposal and TPs. 
Proposal 1: UE expects to be configured with at least one SRS resource(s) for codebook based UL.
TP 1: For TS 38.212 Subclause 7.3.1.1
	[bookmark: _Toc500953346]7.3.1.1.2	Format 0_1
…




-	SRS resource indicator – [0 or]  or  bits, where  is the number of configured SRS resources in the SRS resource set associated with the higher layer parameter SRS-SetUse of value 'CodeBook' or 'NonCodeBook', and  is the maximum number of supported layers for the PUSCH.
[-	0 bits if there are no SRS resources configured;]


-	 bits for non-codebook based PUSCH transmission according to Tables 7.3.1.1.2-28/29/30/31, where  is the number of configured SRS resources in the SRS resource set associated with the higher layer parameter SRS-SetUse of value 'NonCodeBook';


-	 bits for codebook based PUSCH transmission according to Tables 7.3.1.1.2-32, where  is the number of configured SRS resources in the SRS resource set associated with the higher layer parameter SRS-SetUse of value 'CodeBook'.




TP 2: For TS 38.214 Subclause 6.1.1
	[bookmark: _Toc501048207]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 UE shall expect to be configured with at least one SRS resource for codebook based UL transmission. The transmission precoder is selected from the uplink codebook, as defined in Subclause 6.3.1.5 of [4, TS 38.211].




Same or different UE antenna ports for different SRS resources
In NR codebook based UL, gNB can configure two SRS resources to UE and indicate the SRS resource via SRI indication in UL scheduling. In last meeting, it has been discussed that whether the SRS ports of the different SRS resources should correspond to different UE antenna ports. The following alternatives are proposed.
Alt 1: Different SRS resources in one resource set shall be transmitted from different UE antenna port(s).
Alt 2: Different SRS resources in one resource set shall be transmitted from the same or different UE antenna port(s).
The motivation of having two SRS resources for codebook based UL is to support UEs with two panels. UE can transmit two SRS resources in two different panels, respectively. gNB would indicate SRI to perform panel selection, and TPMI to combine the antennas in the selected panel. It’s beneficial for UEs with two back-to-back panels, which coherent transmission cannot be performed across panels.  Further, with resources configured for codebook based UL, UE can sound the whole 8-antenna channel by using the two 4-antenna resources.
Otherwise, if Alt 2 is adopted, how to transmit SRS, e.g., the selected antennas, or coherent/non-coherent transmission across different panels, depends on UE implementation. gNB has no idea on how SRS is transmitted. On the other hand, as UE does not have the information on UL channel, UE may not make the best decision to perform SRS transmission. Hence the benefit of the flexibility provided by Alt 2 is doubtful. Further, it would be hard for UE to perform cross-panel coherent transmission. Alt 1 can provide clear UE behavior to allow gNB indicating the transmission antenna(s) used for PUSCH. Last but not least, for Alt 1, gNB can make sure the 8Tx channel can be sounded based on the two 4Tx resources. For Alt 2, it would be hard as gNB has no idea how UE transmits SRS. gNB cannot use the 8-port channel directly for DL transmission.


Fig. 1 Use case for SRI indication of codebook based UL
Based on the above analysis, we think Alt 1 is clear and reasonable for the use cases of multiple SRS resources. We have the following proposal and related TP.
Proposal 2: For codebook based UL transmission, in a SRS resource set with 2 SRS resources, different SRS resources shall be associated with different UE antenna port(s).
TP 3: For TS 38.214 Subclause 6.1.1
	6.1.1.1	Codebook based UL transmission
…
[bookmark: _Hlk505623688][bookmark: _GoBack]When multiple SRS resources are configured, 
· the The UE shall expect that higher layer parameter NrofSRS-Ports shall be configured with the same value in all SRS resources, and the higher layer parameter SRS-ResourceConfigType shall be configured with the same value in all SRS resources.
· The UE shall assume different SRS resources are associated with different UE antenna port(s).




Conclusion
In this contribution, we have the following proposals on some open issues for codebook based UL transmission.
Proposal 1: UE expects to be configured with at least one SRS resource(s) for codebook based UL.
Proposal 2: For codebook based UL transmission, in a SRS resource set with 2 SRS resources, different SRS resources shall be associated with different UE antenna port(s).
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