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Introduction
In RAN1#110 e-meeting, SRI and codebook enhancement for uplink 8 Tx transmission was discussed with the following agreements:
Agreement
8TX PUSCH is supported in Rel-18

Agreement
For 8TX PUSCH, at least support 
· Ng=1, 2, 4
Note: The above does not restrict the Ng for the non-coherent case

Agreement
For evaluation purpose of codebook alternatives when a precoder based on Rel-15 DL Type I is used, following oversampling ratios are assumed
· (O1, O2) = (1,1), (2,1), (2,2)
· Note: Other values may be used and reported by companies
· Note: When deciding the supported O1, O2 combination, the signalling overhead, performance, UE complexity, etc should be considered

Agreement
· RAN1 further studies Alt1b and Alt2a for down-selection of one of the two in RAN1 meeting #110b-e.
· Transmission using one or multiple precoders corresponding to one or multiple SRS resources can be studied as part of the above alternatives.

Agreement
· Support up to X layers for codebook and non-codebook UL transmission for 8TX UE where X=4, 8 is determined based on separate UE capability
· For uplink transmission with rank<=4, single CW is supported
· For uplink transmission with rank>4, whether single or dual CW is used will be decided in RAN1 meeting #110b-e
The above applies only with regards to the work scope of this agenda item.

Agreement
For SRS configuration for non-codebook UL transmission for an 8TX UE, down-select from
· Alt1: A single SRS resource set configured with up to 8 single-port SRS resources
· Alt2: Up to two SRS resource sets, each configured with up to 4 single-port SRS resources
· Alt3: Support both alternatives. 

Agreement
Study low overhead solutions for SRI and/or transmitter precoder matrix indication for codebook-based, and SRI indication for non-codebook-based UL transmission by an 8TX UE, 
· FFS using single or separate (exiting or new) fields for the indication, other solutions are not precluded.
· Note: Low overhead schemes for study include those using Rel-15 SRI/TPMI indication mechanisms
In this contribution, we further discuss the codebook design and DL signaling design to support 8Tx uplink transmission.
Discussion
1.1. Codebook design for 8 Tx uplink
Three coherent assumptions are considered for 2Tx and 4Tx codebook in NR: fully-coherent, partial-coherent and non-coherent codebook. In this section, we analyze the codebook design for different coherent assumptions. 
· Full coherent codebook
For fully coherent codebook, the codebook design should consider practical antenna patterns. Cross-polarized antenna layout, which was used as assumption in Rel-15, should have higher priority than single-polarized antenna layout. In the past meeting, Alt 1b and 2a were agreed for further comparison. The difference between the two alternatives is the codebook structure applied for full coherent codebook. In this section, we provide some evaluation results to compare these two solutions. Different codebook designs for rank 1 coherent CB are compared with antenna layout 1a, 1b and 2b. The following cases are simulated:
· DL 8Tx Type 1 CB with wideband beam and co-phasing. Different sampling factors are also evaluated for DL 8Tx CB.
· UL 4Tx CB is respectively applied to the first 4 ports and last 4 ports with QPSK/BPSK co-phasing between the two CBs.
The detailed simulation assumptions can be found in appendix. Though SLS was agreed as baseline for evaluation of 8Tx codebook design, we still use LLS considering that the performance difference between schemes is very small, which is difficult to be observed in SLS. It should be also noticed that LLS was used for evaluation of uplink 2/4Tx CB in Rel-15. The results can be found in Fig.1-3
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Fig.1: Performance of different codebooks with uniform linear array (layout 1-a)
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Fig.2: Performance of different codebooks with uniform linear array (layout 1-b)
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Fig.3: Performance of different codebooks with clustered linear array ((layout 2-b)
From the results, it can be observed that:
· The performance of Alt.1b and Alt.2a is similar with the same codebook size.
· (O1 O2) = (2,1) or (1,1) can provide good performance for DL type 1 CB and can be considered for different antenna layouts. 
Considering significant standardization effort is needed for new 8Tx codebook based on UL 4Tx CB, Alt.1b which reuses the DL 8Tx codebook is preferred. At least for uniform linear array similar to downlink 8Tx, DL 8Tx Type 1 CB with wideband beam and co-phasing can be considered as baseline. To further reduce the DCI overhead, (O1 O2) = (2,1) or (1,1) can be considered for different antenna layout. Considering the UE complexity and standardization effort, a unified codebook design applicable to all possible antenna layouts is preferred, and the size of uplink codebooks should also be restricted.
· Partial-coherent codebook
For partial-coherent codebook, cross-polarized antenna layout should also have higher priority. The partial-coherent codebook can be derived from UL 2Tx/4Tx codebook by adding of zero elements or multiplying with another vector. The codebook design also depends on the number of antenna groups. At least Ng =2/4 can be supported for partial coherent codebook, where different antenna groups are non-coherent and antennae within a group are coherent. For different number of antenna groups, the codebook can have different structure. For example, the codebook can be generated based on two parts: legacy uplink 2/4 Tx codebook which is applied to each antenna group, and antenna selection codebook which is used to select the coherent antenna group. 
· Non-coherent codebook
From UE antenna architecture, it seems a very corner case that the 8 TXRUs of one UE are fully non-coherent considering dual-polarization antenna array is very likely to be applied for limited antenna size. For single polarization array, non-coherent codebook can be considered. For non-coherent codebook, one different antenna should be selected for each layer. The codebook should indicate a 8x1 antenna selection vector for each layer. Considering the number of possible antenna combinations is considerable, the codebook size should be restricted via selection of partial combinations. 
Proposal 1: Strive for a unified codebook design applicable to all considered antenna layouts.
Proposal 2: Support Alt 1b for UL 8Tx codebook
· For full-coherent codebook, NR DL 8Tx Type 1 CB (wideband beam and co-phasing) with smaller (O1,O2) is used as baseline.
· For partial-coherent codebook, support codebook design based on Rel-15 UL 2TX/4TX codebooks, and both Ng=2 and 4 should be considered.
· For non-coherent codebook, support 8x1 antenna selection vector for each layer with restricted codebook size.
· For cross-polarized antennae array, the antennae within a polarization group should be coherent.
1.2. TRI/TPMI for 8 Tx uplink
For uplink 8Tx transmission, further enhancement to TRI and TPMI indication is needed. For TRI, the indication should support up to 8 layers transmission. For TPMI, the signaling should support new 8 port codebook. In current DCI format 0_1 and 0_2, the TRI and TPMI are jointly encoded for 2 ports and 4 ports transmission. For 8 ports transmission, the sum of codebook size is expected to be significantly larger than that of 4 ports (e.g. up to 256 codewords for 8Tx rank1), and the joint encoding may lead to the mapping table design very complicated. Furthermore, compared to single stage codebook for 2/4 Tx, dual-stage codebook similar to DL (e.g. DL 8Tx type 1 CB) may be introduced for 8Tx. For example, the TPMI may include separate beam information and co-phasing information. In this case, joint encoding of TRI and TPMI may not be appropriate for TPMI indication. Separate indication of TRI and TPMI for 8Tx uplink can be considered. 
Proposal 3: Consider separate indication of TRI and TPMI if two-stage codebook is agreed for 8 Tx uplink.
In the past meeting, uplink transmission with rank>4 was agreed and whether one CW or two CWs are used for rank>4 is considered for further study. In this section, we compare the LLS performance of different CW numbers with rank adaptation and maximal rank of 8, based on non-codebook transmission. 
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From the results, it can be found that 2CWs can provide some gain over single CW, at the cost of higher DCI overhead for CW information (e.g. MCS). It is proposed that two CWs and downlink CW-layer-mapping is reused for uplink transmission with rank >4. 
Proposal 4: For uplink transmission with rank>4, two CWs with the same CW-layer-mapping as downlink is applied.
1.3. SRI for 8 Tx uplink
In current codebook-based uplink transmission, SRI can indicate one SRS resource from multiple SRS resources. To support 8 port codebook transmission, the number of antenna ports within one SRS resource can be extended to 8. In this case, no SRI enhancement is needed at least for non-full-power transmission. If full power transmission mode 2 is supported, one SRS resource set may include up to 4 or more SRS resources with 1, 2, 4 or 8 ports. Whether 2 bits SRI information is needed for this case needs further study. 
For non-codebook-based transmission, up to 8 SRS resources can be configured in one SRS resource set. In this case, the SRI information should be enhanced to indicate up to 8 SRS resources to support up to 8 layers transmission. If current indication method for 4Tx is reused, e.g. a larger table is introduced for 8 Tx to support any SRS resource combination, the signaling overhead could be very large, considering the considerable number of possible SRS resource combinations. For example, for the case with 8 SRS resources for non-codebook, there can be up to 256 combinations for Lmax=8. To reduce the overhead and simplify the specification design, two solutions can be considered for SRI:
· Opt.1: Introduce SRI indication to select 5-8 SRS resources from a SRS resource set for Lmax=5-8, where the legacy indication is reused for 1-4 layers. In this case, only the SRI indication for 5~8 layers needs to be designed, and backward compatibility can be maintained. For overhead reduction, it is not necessary to support all the possible SRS resource combinations for rank>4. Similar to Rel-15, separate tables should be introduced for Lmax=5, 6 ,7, 8.
· Opt.2: New tables are introduced to support 8Tx non-codebook transmission with 1-8 layers. That is, the legacy indication for 1-4 layers can be re-designed for lower overhead, together with 5-8 layers. For example, for each rank, the signaling overhead can be significantly reduced via some restriction on precoding at UE. For example, UE can apply the best precoder (e.g. the first eigenvector of channel covariance matrix) to the first layer, and the sub-optimal precoder (e.g. the second eigenvector) to the second layer, and so on. In this case, gNB only needs to indicate the first M SRS resources from the SRS resource set for rank M. The signaling overhead for SRI can be significantly reduced, without much performance loss. Other methods can also be considered to reduce the overhead with this new SRI design.
Proposal 5: A single SRS resource set is configured with up to 8 single-port SRS resources for 8 TX non-codebook transmission.
Proposal 6: Introduce SRI enhancement to indicate up to 8 SRS resources for non-codebook uplink transmission. Two solutions can be considered for SRI overhead reduction:
· Opt.1: Introduce SRI indication to select 5-8 SRS resources from a SRS resource set for Lmax=5-8, where the legacy indication is reused for 1-4 layers. 
· For overhead reduction, it may not be necessary to support all the SRS resource combinations for rank>4. 
· Separate tables are introduced for Lmax=5-8 similar to Rel-15. 
· Opt.2: New tables are introduced to support 8Tx non-codebook transmission with 1-8 layers
· The legacy indication for 1-4 layers can be re-designed for lower overhead.
· For rank M, consider to only indicate the first M SRS resources from SRS resource set. 
· Separate tables are introduced for Lmax=1-8 similar to Rel-15.
Conclusion
In this contribution, we discuss the possible enhancement to codebook design and TRI/TPMI/SRI indication for 8 Tx uplink transmission. To summarize, we have the following proposals:
Proposal 1: Strive for a unified codebook design applicable to all considered antenna layouts.
Proposal 2: Support Alt 1b for UL 8Tx codebook
· For full-coherent codebook, NR DL 8Tx Type 1 CB (wideband beam and co-phasing) with smaller (O1,O2) is used as baseline.
· For partial-coherent codebook, support codebook design based on Rel-15 UL 2TX/4TX codebooks, and both Ng=2 and 4 should be considered.
· For non-coherent codebook, support 8x1 antenna selection vector for each layer with restricted codebook size.
· For cross-polarized antennae array, the antennae within a polarization group should be coherent.
 Proposal 3: Consider separate indication of TRI and TPMI if two-stage codebook is agreed for 8 Tx uplink.
Proposal 4: For uplink transmission with rank>4, two CWs with the same CW-layer-mapping as downlink is applied.
Proposal 5: A single SRS resource set is configured with up to 8 single-port SRS resources for 8 TX non-codebook transmission.
Proposal 6: Introduce SRI enhancement to indicate up to 8 SRS resources for non-codebook uplink transmission. Two solutions can be considered for SRI overhead reduction:
· Opt.1: Introduce SRI indication to select 5-8 SRS resources from a SRS resource set for Lmax=5-8, where the legacy indication is reused for 1-4 layers. 
· For overhead reduction, it may not be necessary to support all the SRS resource combinations for rank>4. 
· Separate tables are introduced for Lmax=5-8 similar to Rel-15. 
· Opt.2: New tables are introduced to support 8Tx non-codebook transmission with 1-8 layers
· The legacy indication for 1-4 layers can be re-designed for lower overhead.
· For rank M, consider to only indicate the first M SRS resources from SRS resource set. 
· Separate tables are introduced for Lmax=1-8 similar to Rel-15.
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Appendix
Table 1: Simulation assumption 
	Parameter
	Assumption

	Carrier frequency
	3.5GHz

	SCS,
	30kHz

	Channel model
	CDL-C in TR 38.901 with 300ns delay spread 

	System BW
	20MHz

	UE speed
	3km/h

	PRBs
	50

	Number of UE antennas for codebook 
	Layout 1-a: 8Tx with (M, N, P, Mg, Ng) = (2,2,2,1,1), (dH, dV) = (0.5, 0.5) λ,
Layout 1-b: 8Tx with (M, N, P, Mg, Ng) = (1,4,2,1,1), (dH, dV) = (0.5, 0.5) λ,
Layout 2-b: 8Tx with (M, N, P, Mg, Ng) = (1,2,2,1,2), (dH, dV) = (0.5, 0.5) λ, dgH=2λ,

	Number of UE antennas for CW number
	Layout 1-b: 8Tx with (M, N, P, Mg, Ng) = (1,4,2,1,1), (dH, dV) = (0.5, 0.5) λ

	Number of gNB antennas
	For codebook: 8Rx with (M, N, P, Mg, Ng)  = (2,2,2,1,1), (dH, dV) = (0.5, 0.5) λ,
For CW number: 32Rx with (M, N, P, Mg, Ng)  = (4,4,2,1,1) with (dH, dV) =  = (0.5, 0.8)𝜆

	Precoding 
	Wideband

	SRS periodicity 
	4 slots

	SRS Comb
	Comb 2+ CDM4 

	Rank
	1 for DMRS
1-8 adaptation for CW number

	AMC
	on

	HARQ
	on

	Metric
	Throughput
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