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1	Introduction
In RAN1 #88 meeting, this WF on control signaling for UL MIMO transmission is agreed [1]:
	Agreements:
· NR supports UL-MIMO scheduling by DCI, which includes at least some of
· Indication of a SRS resource (SRI) which has been transmitted by this UE in previous time instance
· Each configured SRS resource is associated with at least one UL Tx beam/precoder
· FFS: whether to allow the existence of this field only when multiple SRS resources are configured to UE.
· Transmit Rank indicator (TRI)
· Possible values are up to the number of SRS ports configured in the indicated SRI
· Wideband transmit PMI (TPMI), with details FFS including dual-stage codebook (if supported)
· FFS: Possible PMs depend on the number of SRS ports configured in the indicated SRI
· FFS: whether to allow the existence of this field for non-codebook-based UL-MIMO transmission
· FFS: Subband TPMI 
· UL MCS indication
· UL HARQ related information
· UL Resource allocation
· FFS on multiple SRI indication and corresponding indications of TRI(s) and TPMI(s)
· FFS: Joint encoding or separate encoding




Sub-band TPMI signalling is needed if frequency selective precoding is supported. In RAN1 #88bis meeting, another WF on UL control signalling is agreed [2]: 
	Agreements:
· For codebook based transmission for CP-OFDM based UL, when a UE is configured with UL frequency selective precoding and if subband TPMI signaling is supported, support one of the following alternatives: 
· Alt 1:Subband TPMIs are signaled via DCI to the UE only for allocated PRBs for a given PUSCH transmission 
· Alt 2:Subband TPMIs are signaled via DCI to the UE for all PRBs in UL, regardless of the actual RA for a given PUSCH transmission
· Other alternatives are not precluded
· Note: Subband TPMI may correspond to W2 if dual-stage codebook is supported
· FFS whether or not wideband TPMI is always signaled along with subband TPMI




Two alternatives for subband TPMI signaling are discussed in the agreed WF. This contribution addresses this DCI signaling issue for the support of subband TPMI.

2	Discussion
As agreed in RAN1 discussion, NR UL-MIMO supports frequency selective precoding when the number of transmission ports is greater than X (X is still FFS). When frequency selective precoding is supported, the UL grant in DCI shall provide UE specific uplink precoder information for all related sub-bands, as well as wideband. 
For codebook based UL transmission schemes, either single stage or two-stage codebook design could be supported. Either of the two codebook designs will need sub-band precoder information to support frequency selective precoding. Two-stage codebook design has its potential to reduce feedback overhead with its combination of wideband component  and sub-band component , compared with the single-stage codebook design.
There are several problems to support for the UL grant in DCI. For example, if two-stage (, ) UL codebook design is applied, the indication of both  and  shall be signaled to the UE if the gNB-central approach is applied.  indication is usually a wideband parameter, and the indication of  is sub-band based. The overhead of signalling  is high due to the number of sub-bands. Allocation of a large portion of DCI payload for  signalling has a significant overhead problem for precoder feedback. Besides, the number of sub-bands of a specific UE might be variable due to variation of allocated UE PRBs. This causes the inefficient support of sub-band signaling in DCI payload design.
Observation 1: Allocation of a large portion of DCI payload for sub-band  signaling may cause the overhead problem.
One possible solution is the introduction of two-stage DCI, where the wideband feedback is included at the first stage DCI and the sub-band indication is signaled at the second stage DCI. However, this approach introduces extra signaling overhead with scheduling of the second stage DCI. Besides, uplink latency will be increased because UE will wait for two DCI stages to receive its desired sub-band precoder information.
Observation 2: Two-stage DCI introduces extra signaling overhead and may cause longer uplink latency.
For fixed sub-band size, the signaling overhead is a function of UE PRB allocation size. A larger UE PRB allocation needs a larger signaling overhead. If the DCI size is designed to cover the full system bandwidth, it won’t be efficient because some UE won’t need its sub-band precoder information at its un-allocated sub-bands. If gNB only indicates the precoder information over the allocated PRB, the UE grant payload size will be variable, which is undesirable for DCI design. Considering the two alternatives from the WF on UL signaling [2]:
· Alt 1: Subband TPMIs are signaled via DCI to the UE only for allocated PRBs for a given PUSCH transmission 
· Alt 2: Subband TPMIs are signaled via DCI to the UE for all PRBs in UL, regardless of the actual RA for a given PUSCH transmission
Alt 2 fixes the allocation size for DCI sub-band signaling to cover whole UL bandwidth. This approach is certainly not efficient, and the sub-band signaling overhead is unnecessarily high.
Proposal 1: Support Alt 1: sub-band TPMIs are signaled via DCI to the UE only for allocated PRB for a given PUSCH transmission, when frequency selective precoding is applied.
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3	Conclusions
[bookmark: OLE_LINK22][bookmark: OLE_LINK23]In this contribution, we made the following observations and conclusions: 
Observation 1: Allocation of a large portion of DCI payload for sub-band  signaling may cause the overhead problem.
Observation 2: Two-stage DCI introduces extra signaling overhead and may cause longer uplink latency.
Proposal 1: Support Alt 1: sub-band TPMIs are signaled via DCI to the UE only for allocated PRB for a given PUSCH transmission, when frequency selective precoding is applied.
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