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Introduction
In RAN1-NR#2, it was agreed to support at least one of following alternatives for PUSCH precoder determination [1].  
	Agreements:
· For PUSCH precoder determination in non-codebook-based UL MIMO, support at least one of the followings: 
· Alt.1: Signalling of SRI(s) only, without TPMI indication in the UL grant
· Alt.2: Signalling of TRI only, without TPMI indication in the UL grant
· Alt.3: Signalling of TRI and a single SRI, without TPMI indication in the UL grant
· Alt. 4: signalling of a single TRI, a single CRI without TPMI indication in the UL grant
· To down-select in the next meeting considering single- vs. multi-panel (companies are encouraged to perform more evaluations)
· Note: this may depend UE’s capability in terms of calibration


In this contribution, we go through the alternatives to narrow them down.
Discussion
We go through the candidate alternatives one by one.
Alt. 1 (SRI only)
This scheme is the most flexible alternative among the candidates, because the number of candidate precoders is not restricted by maximum rank and gNB can select the best combination for PUSCH transmission. As shown in Fig. 1, in this scheme, multiple SRS resources are used, and each resource comprises single SRS port. UE transmits precoded SRS using configured SRS resources. gNB narrow them down based on received SRS signal quality, e.g., SINR. After the down-selection of precoders, gNB indicates SRIs to inform a UE of precoders for PUSCH transmission [2]. For example, when maximum rank is 4, 5 SRS resources can be configured, and then gNB indicates ‘10011’ if gNB determines to use precoders indexed #0, #3 and #4 for 3-layer transmission. However, multiple SRI indication causes larger signaling overhead compared to TRI. For example, when UE supports 4 PUSCH transmission ports, at least 4bits are needed while TRI needs only 2 bits. Therefore cautious evaluation taking balance between optimization and signaling overhead is needed. Especially as far as sub-band precoding is concerned, heavy signaling overhead would be expected.
[image: ]
Figure 1: Precoder determination and link adaptation procedure in Alt.1
Alt. 2 (TRI only)
This is the simplest alternative with the least signaling overhead. In this scheme, UE transmits single SRS resource with multiple antenna ports, which is independently beamformed using beam correspondence. As shown in Fig. 2, in this scheme, uses single SRS resource with multiple SRS ports and indicates TRIs to narrow down candidate beams [3]. In this scheme, the number of candidate precoders should be equal to maximum rank, and SRS ports should be identical to PUSCH transmission ports. If enough channel quality is not observed for higher rank transmission, gNB can drop some of the candidate precoders by indicating TRI. In other words, when TRI is smaller than the number of SRS/PUSCH transmission ports, lower numbered precoders are used. For example, when the number of SRS ports is 4 and TRI is 3, precoders indexed #0, 1 and 2 are used for PUSCH transmission. 
[image: ]
Figure 2: Precoder determination and link adaptation procedure in Alt.2
Alt. 3 (SRI+TRI)
[bookmark: _GoBack]This scheme is similar to Alt.2 except that SRI is used in addition to TRI. In this scheme, SRS is divided into sub-bands, and a SRI is used to indicate a sub-band [4]. Frequency resources that are measured by SRS sounding are narrowed down for PUSCH transmission. However, there are two problems on this scheme. First, SRS sounding is not needed in every SRS transmission. gNB can allocate a SRS resource with appropriate frequency bandwidth, which is corresponds to that for PUSCH transmission, without SRS sounding. Second, SRI indication is redundant. Even when sub-band precoding is used, the SRI must be identical to sub-band index, if all sub-bands are used. Hence we’re skeptical to the benefit to this alternative.
Alt. 4 (CRI+TRI)
This scheme seems to be quite different from the other alternatives. In Alt. 1-3, it is assumed that UE determines candidate precoders before UL grant and gNB narrow them down. However, in this scheme, it seems that UE determines precoders after UL grant, because CRI is indicated in UL grant. If UE determines precoder after UL grant, there is a problem on how to determine MCS. Since UE is not aware of UL interference, it’s not preferable that UE determines MCS. In addition, how TRI is determined by gNB without candidate precoders is another problem. Unless when/how MCS and TRI are determined is clearly stated, we cannot consider this scheme further. If the intention of CRI signaling is to indicate SRI implicitly on condition that there is association between CSI-RS and SRS, this scheme can be a variation of Alt. 3.
Conclusion
In this contribution we went through the candidate alternatives for UL non-codebook based beam determination. From our perspective, at least Alt. 3 and 4 should be removed, and Alt. 1 and 2 should be considered further.
Proposal: Remove Alt. 3 and 4 from the candidates for non-codebook based uplink transmission. Discuss further on Alt. 1 and Alt. 2.
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