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1. Introduction
In RAN1 #89 meeting, the following agreements for UL codebook based transmission have been achieved. [1]
· One of the following UL codebook design principles is down-selected until next meeting.
· Alt1:
· NR supports UL codebook at least for a single panel. 
· Note: This does not preclude the use of components of single panel UL codebook for multi-panel.
· FFS on multi-panel UL codebook
· Whether or not support additional components (e.g., panel co-phase)  
· NR supports a UL codebook optimized for single-panel and support multi-panel via indicating multiple TPMIs
· Focus on single panel based UL codebook design first, then support multi-panel via selecting a panel via SRI or indicating TPMI per SRS resource.
· Alt 2: 
· Focus on designing a common framework UL codebook for single-panel and multi-panel
· Alt 3: 
· Design different UL codebooks for single-panel and multi-panel, respectively.
· Codebook details are FFS 
· Existing LTE codebooks should be considered as baseline.

In RAN1 NR Ad-Hoc Meeting, it has been agreed that UL could support 3 transmission schemes: codebook based, non-codebook based and diversity based. The detail agreements are as follows [2] [3]. 
· 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.

In RAN1 #88 meeting, the following agreements have been achieved. [4]
· In NR, support UE to report its capability regarding the max number of spatial layers (N) for UL transmission
· NR supports UL codebook for an UE based on the reported capability, at least one of the followings is supported 
· Alt1: Network configures multiple codebooks each corresponding to a # of antenna ports
· Alt2: Network configures a scalable/nested codebook supporting a variable # of antenna ports
· Alt3: Network configures a codebook same as UE capability
· Alt 4: UE recommends a subset of codebook(s)
· This alternative may be absorbed into one or more the above alternatives
· FFS the codebooks corresponding to a given number of TX antenna ports can be fixed in specification or configurable 
· UL codebook structure: at least one of the following two is supported
· Alt 0: single-stage codebook 
· Alt 1: dual-stage codebook 
· Consider using LTE codebooks, the impact of multi-panel, etc. for UL codebook design

In RAN1 #88bis meeting, the following agreements have been achieved. [5]
· Codebook based transmission for UL is supported at least by following signaling in UL grant:
· SRI+TPMI+TRI, where 
· The TPMI is used to indicate preferred precoder over the SRS ports in the selected SRS resource by the SRI.
· No SRI when a single SRS resource is configured
· The TPMI is used to indicate preferred precoder over the SRS ports in the configured single SRS resource.
· Support indication on selection of multiple SRS resources 
· FFS details
· 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

In this contribution, we will provide some discussions on the UL codebook design as well as the DL signalling to support UL frequency selective precoding.
2. Discussion
2.1 UE Antenna Structure
The UE may have different types of supported antenna structures, e.g. with uniform or non-uniform antenna spacing, co-polarized and cross-polarized antennas. Further the UE may have multiple directional antenna panels, where targeting direction of each antenna panels could be the same or different. For example, the UE may have two antenna panels which are targeting the opposite directions. Hence unlike the gNodeB, the UE multiple panel based uplink transmission may have some constraints as different antenna panels in one UE may have some physical separation. 
Denote the number of TXRUs is NTXRU, the number of UE’s antenna panel is NAP, and the number of antenna ports per panel is NP, there can be two types of UEs:
· Type 1: without antenna selection: NTXRU =  NAP X NP
· Type 2: with antenna selection: NTXRU <  NAP X NP
For type 1 UE, all antenna can be used simultaneously, but for type 2 UE, only a sub-set of antenna can be used at one time. Hence for type 2 UE, some antenna selection indication should be necessary. Hence when reporting the UE capability, the reporting of number of antenna ports, number of antenna ports per group and number of antenna ports group should be reported.
Proposal 1: When reporting the UE capability, the reporting of number of SRS antenna ports, number of SRS antenna ports per group and number of SRS antenna ports group should be reported.
2.2 UL Codebook
For the UEs with multiple antenna panels, the panel selection should be necessary. One possible way is to define the panel selection based on some explicit indication, such as SRS resource index. Then both type 1 and type 2 UE could be supported easily. Another possible way is to support the panel selection by the codebook. However it is not easy to select the antenna panel only based on the codebook if the UE is using type 2 antenna structure. 
Further, the number of RF chains for one antenna panel at the UE side could be smaller than that in gNodeB side. Therefore, for small number of RF chains, the single stage based codebook should be sufficient. As discussed before, it is not easy to support multi-panel transmission in UL due to physical separation between different antenna panels. Hence the number of antenna ports in UL may not be quite high. Whether it is necessary to define the two stage based codebook should be for further studied. Hence it should be supported to use single stage codebook as well as some antenna ports group indication signaling.
For some numerology, it could be possible that the timing offset in different panels may be equal to multiple TA or exceed the CP. Therefore the TA can be panel specific. In addition, the phase noise for different panels may be different, then the co-phasing between panels could be different in different symbols. 
Generally, for cross-panel transmission, the following issues should be taken into account:
· TA difference across different panels
· Pathloss difference across different panels
· Potential phase noise difference across panels
Hence it is not easy to support cross panel transmission and it is better to configure the panel selection by explicit signaling. For single stage codebook, it should only be used to indicate different transmit directions. The LTE Rel-8 downlink codebook can be the starting point. To support frequency selective precoding, two-stage codebook could be considered if there is no performance degradation.
Proposal 2: With regard to type 1 and type 2 UE antenna structure as well as limited number of TXRUs in one UE and possible panel specific TA, single-stage based codebook as well as the indication of antenna ports group index should be supported.
Proposal 3: Since each antenna panel is targeting to different direction, different coupling loss can be observed in different panels and the TA could be panel specific, the codebook should not take multi-panel based transmission into account.
Proposal 4: LTE Rel-8 downlink codebook can be the starting point for single-state UL codebook design, and for frequency selective precoding, two-stage codebook can be considered if there is no performance loss.
2.3 Control Signaling
Channel delay spread could be different depending on the analog beamforming. For most cases, the delay spread for beamformed channel is smaller than that for non-beamformed channel. However for some cases, the delay spread may be increased after beamforming. Hence, the size of PRG should be configurable. Then the wideband and subband precoder can be dynamically switched. If the MU-MIMO dimension is high, the wideband precoder may be better so that it is easier to distinguish the reference signal for different users and can increase the channel estimation performance; otherwise the subband precoder can be scheduled so that the frequency selective gain can be achieved.
After the size of PRG is indicated to the UE, the subband PMIs should be signaled by the gNodeB. However such information does not need to be indicated whenever the uplink transmission is required. Instead, the subband PMIs can be updated only when the gNodeB finds out better precoders. As what has been agreed that the following options to transmit the subband PMIs should be considered:
· 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
For Alt 1, the subband TPMI should be transmitted in every uplink grant, then the overhead could be one issue. For example, if the UE has 4 antenna ports, and one PRG contains 4 RBs, for a 100 RBs resource allocation case, the payload for the independent DCI of TPMI indication could be about 116 bits with 16bits CRC. If the number of antenna ports gets higher, more DCI payload is required. Hence, one possible way is to support fixed number of precoders with dynamic range of subband size. However there could be the following issues:
· Non-uniform size of subband. If the number of subband precoder is fixed to be N, it would be better to schedule kN RBs, where k=1,2,…,K. Otherwise, the size of subband could be non-uniform. For example, if the number of subband precoder is fixed to be 4, it is not easy to define the precoder for each RBs if the number of scheduled RBs is 2 or 6.
· Potential MCS mismatch. When receiving the SRS, the gNB could perform the link adaptation based on estimated precoder for each subband. However if the size of subband could be dynamically changed, sometimes the estimated SINR for each subband in link adaptation may not accurately reflect real SINR for a subband whose size is larger than the that used for link adaptation. 
For Alt2, as the subband TPMI is not transmitted in every uplink grant, the overhead could not be significant. If the SRS is not transmitted, most likely the precoder would not change. Figure 1 illustrates one example for the subband TPMI indication for alt2.

Figure 1: one example for subband TPMI indication for Alt2
Since the UL precoder may not be necessarily updated in each subframe, it could be de-coupled with resource allocation in uplink grant, which is similar to LTE TM4. An effective time window for the subband TPMI can be defined so that if the subband TPMI expires, the wideband precoder could be used as a fallback transmission scheme. Within the effective time window, if the UE is scheduled with subband precoder based transmission scheme, the latest subband TPMI received should be used.
Proposal 5: The wideband and subband precoder based transmission scheme should be dynamically switched.
Proposal 6: It should be supported that subband TPMIs are signaled via DCI to the UE for all PRBs in UL, regardless of the actual RA for a given PUSCH transmission.
3. Conclusions
In this contribution we have provided our views on codebook based UL subband precoding for NR. From the discussion, we have achieved the following proposals.
Proposal 1: When reporting the UE capability, the reporting of number of SRS antenna ports, number of SRS antenna ports per group and number of SRS antenna ports group should be reported.
Proposal 2: With regard to type 1 and type 2 UE antenna structure as well as limited number of TXRUs in one UE and possible panel specific TA, single-stage based codebook as well as the indication of antenna ports group index should be supported.
[bookmark: _GoBack]Proposal 3: Since each antenna panel is targeting to different direction, different coupling loss can be observed in different panels and the TA could be panel specific, the codebook should not take multi-panel based transmission into account.
Proposal 4: LTE Rel-8 downlink codebook can be the starting point for single-state UL codebook design, and for frequency selective precoding, two-stage codebook can be considered if there is no performance loss.
Proposal 5: The wideband and subband precoder based transmission scheme should be dynamically switched.
Proposal 6: It should be supported that subband TPMIs are signaled via DCI to the UE for all PRBs in UL, regardless of the actual RA for a given PUSCH transmission.
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