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1. Introduction
In the RAN plenary #98-e meeting, the revised WID entitled “WID Update: MIMO Evolution for Downlink and Uplink” was endorsed including the following objective [1].
	5. Study, and if justified, specify UL DMRS, SRS, SRI, and TPMI (including codebook) enhancements to enable 8 Tx UL operation to support 4 and more layers per UE in UL targeting CPE/FWA/vehicle/Industrial devices

· Note: Potential restrictions on the scope of this objective (including coherence assumption, full/non-full power modes) will be identified as part of the study.


Moderator indicated remaining issues regarding the agenda item 9.1.4.2 for the RAN1 #114 meeting as shown below [3].

	Remaining Issues

· Partially-coherent CB-based precoding (Ng=2, 4)
· Precoder selection for the agreed layer-splitting cases

Note: There is not an agreed value for the PC codebook size. However, to have a reasonable design, the sizes of FC and NC codebooks, i.e., 128 and 255, should be considered as a guidance.

· Full power

· Identifying eight full power precoders (one per rank) to support Mode1

· SRS configurations to support Mode2

· Remaining details for support of dual CW transmission 

· Whether/how to support CSI-only PUSCH (UL-SCH=0) when rank>4


In this contribution, we discuss the remaining issues for specification support of dual codewords (CW) transmission in uplink and SRI/TPMI indication for partially-coherent CB-based precoding needed to realize 8Tx UL operation.
2. Discussion

2.1. Support of dual CW transmission
At the RAN working 1 #113 meeting, RAN1 made an agreement regarding dual CW PUSCH transmission as shown below [2].
	Agreement
For an 8TX UE, there is a single UL-SCH indicator in a scheduling DCI (i.e., formats 0_1, 0_2).

· FFS whether/how to support CSI-only PUSCH when rank>4.


In the case of dual CW transmission, UCI including CSI is multiplexed to either CW#0 or CW#1 at the bit sequence level, as shown in Figure 1, and then is modulated and layer-mapped to the 8-port antennas. Regarding whether CW#0 or CW#1 is selected to be multiplexed with the UCI, it has already been agreed in RAN1 that the UCI is multiplexed to the CW with the higher MCS which has been indicated by the uplink grant from the gNB,.
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Figure 1
Block diagram for modulation process of dual CWs with UCI.
Next, considering CSI-only PUSCH which is indicated by the UL-SCH indicator in a DCI for an 8TX UE from the gNB, if Figure 1 is assumed to be straightforwardly extended, UCI including CSI would be modulated in the block diagram in Figure 2. As shown in this figure, UCI is transmitted from 4 of the 8 antenna ports, and only DM-RS is transmitted from the remaining 4 antenna ports with this extension. The block diagram shown in this figure is obviously undesirable because the DM-RS on the 4 antenna ports where UCI is not transmitted is a wasteful transmission and will cause a reduction in the transmit power density of UCI and unnecessary interference.
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Figure 2
Block diagram for modulation process of UCI (CSI)-only PUSCH with legacy layer mapping.
As a way to avoid the extension shown in Figure 2, another block diagram shown in Figure 3 can be considered. In this block diagram, a new layer mapping is used only when transmitting CSI-only PUSCH, which is 1 CW into 8 layers mapping. This method would not cause the reduction of UCI transmit power density and unnecessary interference which are caused with the block diagram in Figure 2. However, this method requires UEs to switch from the normal layer mapping to a different layer mapping only during CSI-only PUSCH transmission, which increases the amount of processing in the UE. In addition, considering that the discussion on Release 18 must be completed in the RAN1 #114 meeting, it is difficult to define a new layer mapping for 1 CW to 8 layers from now on in terms of work time.
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Figure 3
Block diagram for modulation process of UCI (CSI)-only PUSCH with a new layer mapping.
Given the above discussion and the fact that CSI-only PUSCH has a small number of bits to begin with, it is desirable to assume that CSI-only PUSCH is not supported when rank is greater than 4. We also believe that even if CSI-only PUSCH were restricted to ranks of four or less, there would be no particular disadvantage. For example, if a gNB is performing multi-user MIMO in uplink, it is possible to allocate the remaining ranks to PUSCH transmission of other users.
Proposal 1: CSI-only PUSCH (UL-SCH=0) is not supported when rank>4.
2.2. SRI/TPMI indication
Until the RAN working 1 #113 meeting, RAN1 made several agreements regarding codebook for an 8TX UE as shown below [3].
	Conclusion

For fully coherent uplink precoding by an 8TX UE, based on NR Rel-15 single panel DL Type I codebook (CodebookMode=1), there is no consensus to support any optional over-sampling ratio.

Agreement

For indication of a fully-coherent precoder (rank and precoder) for PUSCH transmission by an 8TX UE, up to 7 bits are used.

· Number of bits could depend on the configured max rank 
Agreement

For non-coherent uplink precoding by an 8TX UE, support Alt1., 
· Alt1. – All 255 combinations from 8 non-coherent rank1 precoders are supported

Agreement
For partially coherent uplink precoding by an 8TX UE codebook, Ng=4, Alt1 is supported where
· Precoding design is based on Rel-15 UL 2TX codebook, 
· Full-coherent precoders are used
· Further study codebook size reduction
Agreement
For partially coherent 8TX precoding with Ng =2, the precoder is based on up to two full-coherent 4TX precoders.
Down-select one of the following options for precoder indication,
· Option 3 – Up to two 4TX TPMIs are indicated,
· When two TMPIs are indicated, the first is applied on one of antenna group, and the second is applied on the other antenna group,

· FFS : details of TPMI indication when one antenna group is used

· Option 4 – A single 8TX TPMI is indicated

· Other options are not precluded


As shown in the last of the listed agreements above, it has not yet been decided how to indicate precoder with TPMI for the partially coherent 8TX precoding with Ng =2. If we define a new 8TX TPMI table and use it for the indication, we would need to re-determine the codebooks associated with all codepoints of the table, which is difficult to be finalized within the RAN1 #114 meeting from its workload in light of the fact that a 8TX TPMI table for full coherent precoders are still under discussion.
Therefore, we believe that precoder indication using two UL 4Tx full coherent codebook TPMI is a sufficient scheme. Also, it is important to note that Rel.18 layer splitting standardized has only one antenna group to be used. For such a layer splitting, as the Rel-15 UL 4Tx codebook (full coherent) includes a reserved codepoint, so we can use the reserved codepoint for the TPMI of the other antenna group that is not utilized for transmission from the layer splitting.
Proposal 2: The precoder for a partially coherent 8TX UE with Ng = 2 based on two full-coherent 4TX precoders is indicated by two 4TX TPMI indications.
Proposal 3: If two 4TX TPMIs are used to indicate partial coherent 8TX precoding with Ng = 2, and only one antenna group is used based on the layer splitting agreed in Rel. 18, then a reserved codepoint in the 4TX TPMI is allocated for the designation of the antenna group that is not used for transmission.
3. Conclusion
In this contribution, we discussed the remaining issues for specification support of dual CW transmission in uplink and SRI/TPMI indication for partially-coherent CB-based precoding needed to realize 8Tx UL operation. Based on the discussion above, we made the following proposals.
Proposal 1: CSI-only PUSCH (UL-SCH=0) is not supported when rank>4.
Proposal 2: The precoder for a partially coherent 8TX UE with Ng = 2 based on two full-coherent 4TX precoders is indicated by two 4TX TPMI indications.
Proposal 3: If two 4TX TPMIs are used to indicate partial coherent 8TX precoding with Ng = 2, and only one antenna group is used based on the layer splitting agreed in Rel. 18, then a reserved codepoint in the 4TX TPMI is allocated for the designation of the antenna group that is not used for transmission.
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