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1. Introduction
In RAN1 NR SI, it was agreed to support codebook and non-codebook based transmission for uplink [1].  
	-
At least the following candidate schemes/methods are supported for data.
-
Candidate 1: Codebook based transmission
-
Frequency selective precoding is supported for CP-OFDM when the number of transmission port(s) is equal to or greater than X.
-
Candidate 2: Non-codebook based transmission 
-
Frequency selective precoding is supported for CP-OFDM when the number of transmission port(s) is equal to or greater than Y.

-
The indication of DL measurement RS is supported for UE to calculate candidate precoder
-
Diversity-based transmission schemes
-
For DFT-S-OFDM, CDD, precoder cycling, antenna port switching, SFBC, and STBC can be the candidates for UL diversity schemes for UL data


In this contribution, we discuss the details of precoder design for codebook and non-codebook based transmission.
2. Discussion

2.1. UE or gNB-centric

One of the major motivations of introducing non-codebook based transmission is to reduce TPMI signalling overhead. Although frequency-selective precoding brings larger gain than wideband precoding when UE has large number of Tx antennas, it can cause large signalling overhead if gNB indicates beam indices in every UL grant. An alternative way is to allow UE to determine its Tx beam, e.g., reciprocity based transmission, so that gNB doesn’t need to signal beam indices. On the other hand, there is statement that gNB should indicate UE Tx beam for interference management even when UE holds beam correspondence. The definition of non-codebook based transmission has ambiguity about who, i.e., UE or gNB, should be responsible for UE Tx beam. Hence, in order to facilitate the discussion, we propose to clarify that both reciprocity based transmission and beam index based transmission can be candidates of non-codebook based transmission and discuss both/which of them should be supported.
Proposal 1: Clarify that both reciprocity based transmission and beam index based transmission, e.g., SRS resource index (SRI) based transmission, can be candidates of non-codebook based transmission and discuss both/which of them should be supported.
As shown in Fig.1, there are 4 options in total for codebook and non-codebook based transmission. We’ll discuss one by one.
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Figure 1: gNB-centric vs UE-centric transmission
2.1.1. UE-centric non-codebook based transmission
 UE-centric approach is useful to reduce signalling overhead. Especially for frequency selective precoding, this approach will be efficient. Although there were some arguments that UE was not aware of uplink interference, e.g., [2], it can be managed by gNB scheduling. For example, gNB can avoid granting resource(s), which is/are suffered from inter-cell interference from UE in neighbouring cell, as gNB has knowledge on UL interference. Another argument is that if UE determines UE Tx beam by itself, gNB cannot select appropriate MCS before UL transmission. In that case, gNB-centric approach can be used, e.g., first gNB-centric manner is used and then switched to UE-centric. We’ll discuss details of the mode switching later. One remaining concern is that UE can bring interference to neighbour cell(s), but interference can’t be easily avoided even with gNB-centric schemes. And, as reciprocity based transmission is common even in LTE-A, it’ll be beneficial for NR UL transmission as well. Because beam correspondence UE capability is supported in NR. gNB-aided UE-centric approach, e.g., beam group indication, can also be considered if it has clear benefit.
Proposal 2: Support UE-centric non-codebook based transmission to reduce signaling overhead for UL precoder, e.g., beam indication for frequency selective precoding.

2.1.2. gNB-centric non-codebook based transmission
For non-beam correspondence case at UE, this scheme is useful to determine its Tx beam. For instance, beam management-like procedure can be used. UE chooses candidate Tx beams based on measurement of DL-RS, and then sweeps the candidate beams using SRS. gNB selects the best one, and then indicate it to UE. However gNB-centric procedure increases signalling overhead, e.g., beam index signalling. For frequency selective precoding, beam index signalling overhead increases significantly. One of the largest benefits of non-codebook based transmission, i.e., signalling overhead reduction, will be lost. There are some proposals to use this scheme for inter-cell interference management. For instance, gNB selects UE Tx beam based on UE Tx beam sweeping so that it doesn‘t cause inter-cell interference. However no specific mechanism for gNB-centric interference management has been proposed. Hence RAN1 has to be careful about introducing this scheme to beam correspondence case, although this scheme seems to have good feature for non-beam correspondence case.

Proposal 3: Consider gNB-centric non-codebook based transmission to manage interference of cell edge UE.
2.1.3. gNB-centric codebook based transmission
 This scheme is same with LTE-A codebook based transmission. This scheme seems to be a good solution to keep robustness, because LTE-A codebook based transmission showed good performance. This scheme is useful to ensure non/partial correspondence UE’s performance. For small number of antenna ports, e.g. equal or less than 8, LTE-A DL and UL codebooks can be reused. In NR, since UE is assumed to have larger number of antenna ports and multiple-panel, RAN1 needs to consider whether or not additional codebook is needed.

Proposal 4: Support gNB-centric codebook based transmission.
Observation 1: Reuse of LTE-A DL and UL codebooks can be baseline. RAN1 needs to consider whether or not additional codebook is needed to cover larger number antenna ports and multiple-panel case.
2.1.4. UE-centric codebook based transmission
 We haven’t found strong advantage about this scheme so far.
2.2. Dynamic gNB/UE-centric mode switching
 As discussed above, we believe at least UE-centric non-codebook and gNB-centric codebook based transmission should be supported. And if both are supported, dynamic mode switching between gNB/UE-centric will be needed because dynamic switching between transmission schemes, e.g., codebook and non-codebook, has already been supported. As shown in Fig.2, the modes should be switched based on beam indication from gNB, e.g., an index means UE-centric and the other means gNB-centric. 
Proposal 5: Support dynamic mode switching between gNB-centric and UE-centric transmission schemes.
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Figure 2: Procedure of gNB/UE-centric mode switching
2.2.1. Further dynamic mode switching
For further study, we show an application of gNB/UE-centric mode switching. There are some issues on gNB centric mode. SRS transmission period will be tens millisecond order. If beam pair link (BPL) failure occurs in the interval, gNB won’t be able to reselect the best BPL. While, beam correspondence capable UE can determine alternative Tx beam based on DL measurement, e.g, CSI-RS. And also in semi-persistent scheduling, similar problem can be expected. After UL grant, gNB has no chance to change UE Tx beam. Hence we propose to consider another trigger for mode switching other than index in UL grant, e.g., BPL failure triggered, aiming for performance enhancement. An example of the further dynamic mode switching is described in Fig.3.
Proposal 6: Consider further dynamic mode switching.
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Figure 3: Procedure of further dynamic mode switching
In order to make this scheme clear, we should consider following aspects:
· Whether and how to  inform gNB of the update
· How to allow UE to change its Tx beam
Regarding the first point, it’s assumed that although the updated Tx beam can be strong enough to reach gNB, gNB Rx beam is not optimal for the updated beam. In order to maximize UL signal quality, gNB Rx beam adjustment can be applied. For that, some notification of the UE Tx beam update is beneficial. As for the second point, since gNB will need to detect the notification blindly, UE should be allowed to change its Tx beam under specific condition. 
Observation 2: Consider following aspects for further dynamic mode switching.

· Whether and how to  inform gNB of the update
· How to allow UE to change its Tx beam
3. Conclusion

In this contribution we discussed the details of codebook non-codebook based transmission. Our observations and proposals are as followed:
Proposal 1: Clarify that both reciprocity based transmission and beam index based transmission, e.g., SRS resource index (SRI) based transmission, can be candidates of non-codebook based transmission and discuss both/which of them should be supported.
Proposal 2: Support UE-centric non-codebook based transmission to reduce signaling overhead for UL precoder, e.g., beam indication for frequency selective precoding.

Proposal 3: Consider gNB-centric non-codebook based transmission to manage interference of cell edge UE.
Proposal 4: Support gNB-centric codebook based transmission.
Observation 1: Reuse of LTE-A DL and UL codebooks can be baseline. RAN1 needs to consider whether or not additional codebook is needed to cover larger number antenna ports and multiple-panel case.
Proposal 5: Support dynamic mode switching between gNB-centric and UE-centric transmission schemes.
Proposal 6: Consider further dynamic mode switching.
Observation 2: Consider following aspects for further dynamic mode switching.

· Whether and how to  inform gNB of the update
· How to allow UE to change its Tx beam
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