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1	Introduction
Remaining issues related with UL codebook based transmission are discussed in this contribution, following the RAN1 NR ad hoc meeting [1] in January. 
Although several agreements have been reached in last meeting [1], these issues are still open for codebook based transmission: 
· Minimum number of SRS resource allowed for codebook based transmission
· SRI ambiguity
· Default number of Tx ports
· DMRS port number mapping for codebook based transmission
This contribution addresses these issues.

2	Minimum allowed SRS resource for codebook based transmission
In the RAN1 NR ad hoc meeting, the minimum allowed SRS resource for codebook based transmission is discussed with two views:
· Alt 1: It is up to gNB whether to configure or not configure SRS resource for codebook based transmission 
· If supported, the number of transmitted SRS ports is configured by gNB using RRC signaling
· If supported, study how to indicate the beam of PUSCH when no SRS resource for codebook based transmission is configured, e.g. by SRI indication in DCI 
· Alt 2: UE expects to be configured with at least 1 SRS resource for codebook based transmission
The issue is whether at least one SRS resource is needed for codebook based transmission. Ideally, gNB shall configure one SRS resource or two SRS resources for UE so that gNB can decide UE’s TPMI and TRI based on received SRS signal. If no SRS resource is configured for UE, gNB won’t receive SRS signal. The question is whether gNB can still schedule codebook based transmission for uplink without SRS signal.
Currently there are only two transmission schemes: codebook based and non-codebook based, defined for uplink transmission. Even 1Tx uplink transmission is considered as a special case of codebook based transmission with precoder matrix , based on TS 38.211 [2]. UE will use either of the two transmission schemes for its transmission. Besides, Rel-15 NR specification won’t have explicit support of open loop transmission schemes, where gNB won’t need uplink CSI. It is possible that no SRS resource is configured, even for codebook based transmission. Therefore, we support Alt 1, as

Proposal 1: It is up to gNB whether to configure or not to configure SRS resource for codebook based transmission. 
When no SRS resource is configured, we have another paper to discuss the beam indication for PUSCH in [4], where the same Tx beam as for Msg3 PUSCH can be used for PUSCH under this situation.

3	SRI ambiguity
There is an SRI ambiguity issue regarding its associated SRS transmission when multiple SRS resource sets are configured. In RAN1 NR adhoc 1801 meeting, there were three alternative views on the association of SRI and SRS transmission:
· Alt 1: the SRI in slot n is associated with the most recent SRS transmission before slot n
· Alt 2: the SRI in slot n is associated with the most recent SRS transmission before slot n-k
· Alt 3: the SRI in slot n is associated with the most recent SRS transmission with highest priority within a time window [n-k, n).
SRI ambiguity only happens when gNB configures multiple SRS resources sets for one UE. This happens when UE is configured with one SRS resource set for codebook based transmission, and another SRS resource set for uplink beam management. If aperiodic SRS resource is configured for CB-based transmission, and periodic SRS resource is configured for beam management, UE may confuse the associated SRS when it receives single SRI.
One simple approach is to define a fixed time slot between SRS and SRI. UE can use the time slot information to relate SRI associated SRS. With this, we support Alt 2:
Proposal 2: Support that SRI in slot n is associated with the most recent SRS transmission before slot n-k.

4	1Tx port transmission
Unlike LTE, there is no transmission mode defined in NR, and there is no default number of antenna ports in NR uplink. Two transmission schemes, codebook based and non-codebook based schemes, are defined for NR uplink. The 1Tx transmission is considered as a special case of codebook based transmission with precoding matrix , based on 38.211 [2]. 
The compact DCI format, DCI format 0_0, won’t be able to provide TPMI/TRI/SRI information. It would be natural to assume single Tx transmission (single DMRS port) for DCI format 0_0. We propose
Proposal 3: Support 1Tx as the default configuration for PUSCH transmission with DCI format 0_0.


5	DMRS port association for codebook based transmission
There is ambiguity on the DMRS port association for codebook based transmission, due to uplink MU-MIMO support of DMRS design.
Current version of TS 38.211 [2] supports the direct DMRS mapping of codebook based transmission, similar to LTE.
For PUSCH precoding, clause 6.3.1.5 of 38.211 [2] defines that:
	

[bookmark: _Hlk496880698]The block of vectors ,  shall be precoded according to





where , . The set of antenna ports  shall be determined according to the procedure in [6, TS 38.214]. 




The DMRS precoding defined in clause 6.4.1.1.2 of 38.211 [2] defines that:
	
The reference-signal sequence  shall be precoded according to




where the precoding matrix  and the set of antenna ports  are given by clause 6.3.1.5.


where the direct mapping of DMRS ports to PUSCH ports are applied.
However, the DMRS port as defined in 38.212 [3] cannot be directly applied for the mapping because of MU-MIMO support of DMRS port. Therefore, mapping to PUSCH ports shall be revised accordingly with the DMRS port.
The solution to this issue has been addressed in our DMRS port paper [5]. Following the discussion in [5], we shall have independent port numbers between PUSCH ports and DMRS ports. With this, we propose
Proposal 4: Antenna ports  shall start with 0 for PUSCH.
Proposal 5: DMRS ports 	start with 1000 for DMRS associated with PUSCH.

6	Conclusions
Multiple remaining issues are discussed in this contribution. Based on the discussion, we have these proposals:
Proposal 1: It is up to gNB whether to configure or not to configure SRS resource for codebook based transmission. 
Proposal 2: Support that SRI in slot n is associated with the most recent SRS transmission before slot n-k.
Proposal 3: Support 1Tx as the default configuration for PUSCH transmission with DCI format 0_0.
Proposal 4: Antenna ports  shall start with 0 for PUSCH.
Proposal 5: DMRS ports 	start with 1000 for DMRS associated with PUSCH.
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