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1. Introduction
In RAN1#88 codebook based uplink MIMO transmission has been agreed. In this paper, we give our codebook design principle for UL MIMO. 
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


2. Codebook design principle for uplink MIMO
Symmetric design between downlink and uplink has been considered when designing multiple NR features. In general, symmetric design can bring benefit whenever there is co-existence (including interference) between downlink and uplink signals. An important use case is integrated Access and Backhaul: with the constraint of half duplex, relay node may need to receive backhaul downlink (from donor gNB) and access uplink (from UEs) simultaneously. Similarly, relay node need transmit backhaul downlink (to next level relay node) and access downlink (to UEs) simultaneously. Considering the strong MIMO capability of relay node, MU-MIMO between backhaul and access link has big potential in terms of network spectrum efficiency. Therefore, we proposed that uplink codebook design should enable an efficient MU-MIMO between downlink and uplink. That is to say, uplink precoder and downlink precoder can be orthogonal. 

Proposal-1: Uplink codebook design should allow efficient MU-MIMO operation between downlink. 
Proposal-2: The codebook design should support orthogonal precoder between DL and UL. 

In RAN1#88, the frequency selective uplink MIMO transmission has been supported in principle while the condition is still unclear. In particular, frequency selective precoder is beneficial when UE is capable of large number of TxUs therefore the agreement in RAN1#88 was to support frequency selective precoding when the number of Tx ports are larger than X. However, the definition of Tx ports are unclear as well: it can’t be SRS port since SRS resource may be configured for other purposes (like downlink CSI). Also it can’t be DMRS port either since DMRS is associated with the number of layers instead of TxUs. It seems hard to find an RS port to determine the avaialbity of frequency selective precoder. 
On the otherhand, the number of TxU is a typically UE capability. It might be easier to simply define the frequency selective precoding feature associate to the number of UE TxU capability. E.g. frequency selective precoder can be turned on when UE reports X TxUs in its capability (e.g. X>= Y). 
Proposal-3: Uplink frequency selective MIMO tranmsision (for both codebook and non-codebook based) is supported when UE report X TxUs in UE capability, where X is >= Y. And RAN1 should further determine the value of Y.  


3. Conclusion
In this contribution, we give our view on the Type II codebook design. In particular we have the following proposals:
Proposal-1: Uplink codebook design should allow efficient MU-MIMO operation between downlink. 
Proposal-2: The codebook design should support orthogonal precoder between DL and UL. 
Proposal-3: Uplink frequency selective MIMO tranmsision (for both codebook and non-codebook based) is supported when UE report X TxUs in UE capability, where X is >= Y. And RAN1 should further determine the value of Y.  
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