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Discussion
1
Introduction
In the last RAN1 NR ad hoc meeting, this WF on New Radio UL MIMO transmission is agreed [1]:

	Agreements:
· Support at least the following UL transmission schemes for data in NR

· Scheme A: Codebook based UL transmission

· Support frequency selective precoding for CP-OFDM when the number of transmission port is greater than X (FFS: Value of X).

· Study codebook design including single-stage and multi-stage, e.g., W1W2 structure, codebook 

· Study the following DL signaling, e.g.,

· One level DCI

· Two level DCI

· MAC CE

· DCI associated with PDSCH (like UCI associated with PUSCH in LTE)

· Scheme B: Non-codebook based UL transmission

· Support frequency selective precoding for CP-OFDM when the number of transmission port is greater than Y (FFS: Value of Y).

· Support the indication of DL measurement RS for UE to calculate candidate precoder

· Study the mechanisms for UL precoder determination, e.g. precoded SRS based, non-precoded SRS based, hybrid precoded and non-precoded SRS based

· Diversity-based transmission schemes

· FFS: Whether the scheme has specification impact or not

· FFS: Merging of the schemes

· Support rank determination by gNB

· Support PRB bundling for CP-OFDM

· Study configurability of PRG size for CP-OFDM

· Study the PRG size
· FFS: Single port transmission is supported for the UE capable for multiple antenna port transmission.



For the codebook based UL transmission, the UL codebook design is still open, including potential single-stage codebook or multi-stage codebook design.  This contribution addresses the general considerations for NR UL codebook design.

2
Discussion on UL codebook design

Because the number of transmission antennas in downlink and uplink is usually different, there will be performance difference between DL and UL on wideband and subband precoding feedback.  The frequency selective performance in UL is dependent on the number of transmitting antennas.  

As shown in our other contribution [2], when the number of Tx antenna ports is less than 8, there is insignificant performance gain for subband feedback over wideband feedback.  This applies to both codebook based feedback and non-codebook based feedback, even with eigen-beamforming with ideal CSI, whose performance could be considered as the upper bound performance for UL-MIMO precoding.  With this observation, NR uplink codebook design shall consider the uplink performance under frequency selective precoding. 
As shown in the WF, RAN1 has agreed to support frequency selective precoding for CP-OFDM when the number of transmission port is greater than X.  Therefore, no frequency selective precoding shall be applied when the transmission port is equal to or less than the threshold X.  It would be proper to use single stage codebook for UL when the Tx port<=X, because only wideband feedback is supported.
Proposal 1:

Support single stage codebook design for NR uplink when the transmission port is less than X.

When the transmission port is greater than X, frequency selective precoding will be supported.  Under this condition, we shall follow the LTE DL codebook design to use the two-stage codebook.  With the W=W1W2 codebook, the wideband component W1 can be associated with certain DL beams under uplink beam management.

Proposal 2:

Support two stage codebook design for NR uplink when the transmission port is greater than or equal to X.
Given that the number of transmission ports is limited in UL, we shall consider to re-use LTE’s DL codebook design.  These legacy LTE codebooks shall be served as the baseline for consideration for NR UL codebook design.

Proposal 3:

Consider LTE DL codebooks as the baseline for NR UL codebook design.
3
Conclusions
In this contribution, we made the following observations and conclusions: 

Proposal 1:

Support single stage codebook design for NR uplink when the transmission port is less than X.

Proposal 2:

Support two stage codebook design for NR uplink when the transmission port is greater than or equal to X.
Proposal 3:

Consider LTE DL codebooks as the baseline for NR UL codebook design.
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