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Introduction
In RAN1#112 meeting, SRI and codebook enhancement for uplink 8 Tx transmission was discussed with the following agreements:

Agreement
For fully coherent uplink precoding by an 8TX UE, based on NR Rel-15 single panel DL Type I codebook, the following pairs of (N1, N2) values are supported,
· (N1, N2) = (4, 1)
· (N1, N2) = (2, 2)
A pair of (N1, N2) can be configured with subject to UE capability.

Agreement
Fully coherent uplink precoding by an 8TX UE, based on NR Rel-15 single panel DL Type I codebook
· Precoding matrices generated according to (O1, O2) = (1, 1) is supported
· Further study additional support of precoding matrices generated according to (O1, O2) where O1>1 or O2>1
· Subject to UE capability
· FFS: Different O1, O2 values for different ranks

Agreement
For fully coherent uplink precoding by an 8TX UE, based on NR Rel-15 single panel DL Type I codebook (CodebookMode=1), 
1. Study whether/how to support (O1, O2) = (2,1), (2,2)
4. whether for all rank, or rank 1-2, or rank 3-8
4. applicability of different (O1, O2) values per agreed (N1, N2)
4. companies are encouraged to submit simulation results

Agreement
To support dual CW PUSCH transmission for rank>4 by an 8TX UE, for MCS indication, support
· Alt.2: A second MCS field (5 bits) is indicated for the second codeword

Agreement
To support dual CW PUSCH transmission for rank>4 by an 8TX UE, a second set of NDI (1 bit) and RV (2 bits) fields are indicated. 
· FFS: Details on how to signal

Agreement
To support dual CW PUSCH transmission for rank>4 by an 8TX UE, reuse DL PDSCH scrambling mechanism to initialize the scrambling sequence generator for codeword q{0,1}, 

where , and  are defined similar to the legacy single CW PUSCH transmission.

Agreement
To support UCI multiplexing on PUSCH for transmission with rank>4 by an 8TX UE, UCI is always multiplexed only on one of the CWs, down-select from,
· Alt1: First CW
· Alt2: The CW with the highest MCS (if MCSs are the same, UCI is multiplex on the first CW)

Agreement
For non-coherent uplink precoding by an 8TX UE, following precoders are supported for 1 layer transmission. 

with the scaling factor of .

Agreement
For NCB-based 8TX PUSCH transmission with , where  is the number of configured single-port SRS resources in a resource set,
· All SRS port combinations are supported
· For SRI indication, down-select from,
· Option 1: Use an  bit length bitmap 
· Option 2: Use a legacy-based solution
· Consideration of Lmax for SRI indication
For , Rel-15 SRI indication is reused

Agreement
For CB-based 8TX PUSCH transmission, where Mode 2 uplink full power transmission (if supported) is not used, re-use legacy Rel-15 mechanism, that is
· when only one SRS resource in a resource set is configured, the SRI field in DCI is absent, 
· when two SRS resources are configured in a resource set, 1 bit of SRI field in DCI is used to indicate the selected SRS resource in the set.

Agreement
For partially coherent uplink precoding by an 8TX UE codebook,
· When Ng=2
· Precoding design is based on Rel-15 UL 4TX codebook,
· Full-coherent precoders are used
· FFS whether partial-coherent precoders are needed
· When Ng=4, down-select from,
· Alt1:
· Precoding design is based on Rel-15 UL 2TX codebook,
· Full-coherent precoders are used
· Alt2:
· Precoding design is based on Rel-15 UL 4TX codebook,
· Partial-coherent precoders are used

Agreement
For partially coherent uplink precoding by an 8TX UE codebook, Ng=2, 
· Following rank and layer splitting cases are supported
	Rank
	All layers in one Antenna Group
	Layers split across 2 Antenna Groups

	1
	(1,0), (0,1)
	· 

	8
	· 
	(4,4)



· Select from the following cases based on the performance and overall DCI overhead
	Rank
	All layers in one Antenna Group
	Layers split across 2 Antenna Groups

	2
	(2,0), (0,2)
	· 

	2
	· 
	(1,1)

	3
	(3,0), (0,3)
	· 

	3
	· 
	(2,1), (1,2)

	4
	(4,0), (0,4)
	· 

	4
	· 
	(2,2), (3,1), (1,3)

	5
	· 
	(4,1), (1,4), (2,3), (3,2)

	6
	· 
	(4,2), (2,4), (3,3)

	7
	· 
	(4,3), (3,4)


Note: Above is not relevant to how precoders are indicated.

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
Full-coherent codebook
In the past meeting, (O1, O2) = (2,1), (2,2) was agreed for uplink 8Tx coherent codebook. It is FFS whether (O1, O2) = (2,1), (2,2) was further supported. In this section, we provide some evaluation results for potential gain of lager values of over-sampling factor for rank 1 coherent CB. DL 8Tx Type 1 CB with wideband beam and co-phasing is assumed. As important parameter, phase offset error is also modeled in our evaluation. Phase offset values are assumed to be independent for each antenna, and uniformly distributed over [-φ, φ], where φ takes 0 and 180 degrees. The detailed simulation assumptions can be found in appendix. The results can be found in Fig.1-3.
[image: ][image: ]
Fig.1: Performance of different codebooks with uniform linear array (layout 1-a, φ=0 and 180)
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 Fig.2: Performance of different codebooks with uniform linear array (layout 1-b, φ=0 and 180)
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Fig.3: Performance of different codebooks with clustered linear array ((layout 2-b, φ=0 and 180)
From the results, it can be observed that, regardless of the phase error, the performance difference between different values of over-sampling factors is not significant for rank=1. (O1 O2) = (1,1) can provide good performance for DL type 1 CB in most scenarios and can be considered for different antenna layouts. The gain of larger over-sampling factor would be further decreased with higher rank. Hence, it is proposed not to introduce additional values for (O1 O2), to avoid increasing the signaling overhead for PMI.
Proposal 1: For full-coherent uplink codebook, only (O1 O2) = (1,1) is supported. 
partial-coherent codebook
For partial coherent codebook, it was agreed that UL 4Tx full coherent codebook is used to generate codebook for Ng=2, and UL 4Tx partial coherent codebook or 2Tx full-coherent codebook is used to generate codebook for Ng=4.
· For Ng=2, one or both antenna groups can be selected, and 4Tx codebook can be directly applied to the selected antenna group(s). The codebook size would be at least doubled compared to 4Tx full coherent codebook. Hence, it is proposed that nested codebook structure is not extended to 8Tx codebook, e.g.  non-coherent codewords are not included in partial coherent codebook. In this case, it is not needed to support 4Tx partial-coherent precoders for Ng=2. Another method to reduce the signaling overhead is to restrict the supported layer split for different ranks. 
· For Rank=2-3, one solution from one antenna group (all layers in one antenna group) and two antenna groups (layers split across 2 antenna group) is sufficient. The former solution is beneficial for the signaling overhead of different number of PMIs. The latter solution may provide better performance via splitting layers to different antenna groups.
· For Rank=4, considering the codewords for (4,0)(0,4) is very limited, to ensure the performance of 8Tx transmission, balanced layer split, e.g. layer split of (2,2) should be supported, where each antenna group is used to transmit up to two layers. 
· For Rank 5-8, two PMIs need to be signaled. To ensure acceptable PMI overhead, one of the layer split can be selected. Considering the CW to layer mapping with two CWs, (2,3)(3,3)(3,4) and (4,4) can be supported for different ranks, and then layers of each CW can be mapped to one antenna group. 
· For Ng=4, two alternatives need further down-selection. For Alt.1, one 2Tx full-coherent precoder is indicated for each antenna group, and at most four precoders are needed. For Alt.2, one 4Tx partial coherent precoder can be indicated for each two antenna groups, and at most two 4Tx precoders are needed similar to Ng=2. The signaling of Alt.2 can fully reuse that of Ng=2 except that partial-coherent precoders are used. Hence, it is proposed to support Alt.2 to simplify the signaling design and reduce the potential signaling overhead.
Proposal 2: For partial-coherent uplink codebook with Ng=4, Alt2 is preferred for unified signaling design with different values of Ng.
Proposal 3: For partial-coherent uplink codebook with Ng=2, the following layer splitting is supported for each rank:
· (1,1) or (0,2) or (2,0) for rank2
· (1,2) or (0,3) or (3,0) for rank3
· (2,2) for rank4
· (2,3) for rank5
· (3,3) for rank6
· (3,4) for rank7
· (4,4) for rank8
Non-coherent codebook
For non-coherent codebook with rank n, n antenna ports need to be selected from 8 ports for the transmission. If all the antenna port combinations are supported, up to 8 bits is needed to support max rank of 8. There can be two alternatives to derive and indicate non-coherent codebook for 8Tx:
· Alt.1: Similar to non-codebook based transmission, all antenna port combinations are supported with up to 8 bits signaling. In this case, the signaling of SRI indication for non-codebook can be reused for TPMI indication for non-coherent codebook, e.g. use 8 bits length bitmap or use a mapping table with lower overhead. 
· Alt.2: Only part of the antenna port combinations are supported with signaling overhead reduction. Considering the performance of many antenna port combinations is similar, the codebook can only support a small subset of antenna selection precoders. For example, the antennae which are far from each other can be selected for transmission of different layers to reduce possible interference. By this way, the signaling overhead can be significantly reduced. 
Proposal 4: For non-coherent 8Tx codebook, consider whether all the antenna port combinations are supported or not. 
TPMI signaling
Different codebook designs were agreed for full-coherent, partial coherent and non-coherent codebook. For full coherent codebook, DL type 1 codebook is reused, and the TPMI should include beam information (e.g. W1) and co-phasing information (e.g. W2). For partial-coherent codebook, one or two precoders (Alt.2 for Ng=4) or up to four precoders (Alt.1 for Ng=4) need to be indicated by TPMI. For non-coherent codebook, different PMIs correspond to selected different antenna ports. To simplify the standardization effort for TPMI signaling design, a unified TPMI signaling framework is preferred for different codebooks. At least for partial coherent with different Ng and non-coherent codebook, a unified signaling design would be available and beneficial. For example, two TPMIs can be indicated for both codebooks: For low ranks (e.g. rank 1-3), one TPMI for selection of antenna port group(s) and another TPMI to indicate the precoder in the selected antenna port group(s); For higher ranks (e.g. rank 4-8), two TPMIs to indicate the precoders in two antenna port groups or two pairs of antenna port groups. 
[bookmark: _Hlk130830993]Proposal 5: Strive for unified TPMI signaling at least for partial coherent codebook with different Ng and non-coherent codebook.
Antenna port grouping
For antenna port index numbering, the following principle should be considered:
· The antenna port numbering should be consistent between downlink and uplink codebook, and between UL 2/4Tx and 8 Tx codebooks.
· The antenna port numbering should be the same across different coherent assumptions.
· The antennae with one polarization group should be in the same coherent group.
For DL 8Tx codebook design, antenna port {0,1,2,3} and {4,5,6,7} correspond to different polarizations, and ports {0,4}{1,5}{2,6}{3,7} correspond to four polarized antenna groups, as shown below.


Fig.4: Antenna port numbering for DL 8Tx codebook with {N1,N2=4,1}
With the same antenna layout, we think the two coherent groups should be antenna ports {0,1,4,5} and {2,3,6,7} for uplink codebook design with Ng=2, as shown left in Fig.5. For Ng=4, similarly, the four coherent groups should be antenna port {0,4}{1,5}{2,6}{3,7}, as shown right in Fig.5. 



Fig.5: Antenna port numbering for UL 8Tx codebook with Ng=2,4
For full coherent case, DL 8Tx type 1 codebook is reused, which can be directly applied to the above antenna port numbering. For partial coherent and non-coherent codebook, if the codebook is designed with different assumption from above port indexing, a row permutation to the codebook is needed.
Proposal 6: For Ng=2, support two coherent groups of {0,1,4,5} and {2,3,6,7}; For Ng=4, support four coherent groups of {0,4}, {1,5}, {2,6} and {3,7}.
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 32 codewords for 8Tx rank1 full-coherent codebook), 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) is 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 7: Support separate indication of TRI and TPMI.
In the past meetings, one SRS resource set was agreed to support uplink codebook or non-codebook based 8-port transmission. Whether to support multiple SRS resource sets needs further study. We don’t think it is needed to additionally support multiple SRS resource sets considering the following aspects:
· The number of antenna groups is not related to the number of SRS resource set. One SRS resource set can support any number of antenna group as for 4 Tx uplink.
· The coherence capability and codebook subset configuration is not related to the number of SRS resource. One SRS resource set can support all coherent configurations. 
· Multiple SRS resource sets would introduce additional standardization effort for RI/PMI/SRI indication and also additional mechanism to differentiate SRS resource sets for Rel-17 PUSCH repetition. 
With one SRS resource set, it is not needed to support multiple SRI/RI/TPMI for codebook-based 8Tx transmission. The SRI indication can reuse that of Rel-17 and indicate one of the SRS resource. One RI/PMI based on the SRS resource set can be used for different number of antenna groups and different coherent configurations. How to indicate RI and PMI is depended on the codebook design.
Proposal 8: Multiple SRS resource sets for CB or NCB based 8-port uplink transmission is not needed. 
Proposal 9: one SRI/TRI/TPMI indication is sufficient for uplink codebook based 8-port transmission.
1.3. SRI for 8 Tx uplink
It was agreed that the UCI is always multiplexed on one of the CWs, and FFS the first CW or the CW with higher MCS. The SINR of different layers would not differ much for codebook-based transmission. Especially for partial-coherent/non-coherent codebook and odd layers, the first CW which is mapped to less layers would potentially be indicated with higher MCS. If the layer number is even, two CWs would be mapped to the same number of layers, and gNB can always indicate higher MCS to the first CW. For non-codebook based transmission, it is likely that UE would apply the best precoder to the first layers and the first CW. Hence, as a simpler solution, Alt1 is preferred.
Proposal 10: For uplink transmission with rank>4, support UCI to be always multiplexed on the first CW.
For non-codebook-based transmission, it was agreed that all SRS port combinations are supported. For NSRS <5, the Rel-15 SRI indication table is reused. For NSRS>4, similar tables or NSRS bit length bitmap can be introduced. If legacy mechanism is reused, one table is needed for each value of Lmax, and eight tables should be introduced in total. The benefit is that the signaling overhead can be reduced when the value of Lmax is small, .e.g. only 3 bits for Lmax =1. An NSRS bit length bitmap can simplify the signing design, but would lead to high overhead regardless of Lmax. Considering there could be waste of 5bits at the worst case, option 2 is preferred to reduce DCI overhead.
Proposal 11: For NCB-based 8TX PUSCH transmission with NSRS>4, prefer option 2 (legacy mechanism) for SRI indication. 
In the past meetings, possible PA architectures for full power transmission were discussed with some examples. With the examples, the PAs of some UEs may have the same maximal transmit power (e.g P1= P2=  …= P8= 14dBm), while the PAs of some other UEs may have different maximal transmit power (e.g. P1= P2= …= P6 =14dBm, P7=P8=20dBm). If different PA combinations for the two types of UEs are all considered, the design of full power transmission would be significantly complicated. Hence, it is proposed to only consider some typical PA architectures for 8Tx UEs. For example, for full coherent UEs, all the PAs can be assumed to have the same maximal power. For partial coherent UEs, antenna ports in the same antenna port group can be assumed with the same maximal transmit power. For non-coherent UEs, the supported architectures should also be restricted. 
Proposal 12: For study of full power transmission, antenna ports in one antenna port group can be assumed with the same maximal transmit power.
Conclusion
In this contribution, we discuss the solutions for codebook design and TRI/TPMI/SRI indication for 8 Tx uplink transmission. To summarize, we have the following proposals:
Proposal 1: For full-coherent uplink codebook, (O1 O2) = (1,1) is sufficient. 
Proposal 2: For partial-coherent uplink codebook with Ng=4, Alt2 is preferred for unified signaling design with different values of Ng.
Proposal 3: For partial-coherent uplink codebook with Ng=2, the following layer splitting is supported for each rank:
· (1,1) or (0,2) or (2,0) for rank2
· (1,2) or (0,3) or (3,0) for rank3
· (2,2) for rank4
· (2,3) for rank5
· (3,3) for rank6
· (3,4) for rank7
· (4,4) for rank8
Proposal 4: For non-coherent 8Tx codebook, consider whether all the antenna port combinations are supported or not. 
Proposal 5: Strive for unified TPMI signaling at least for partial coherent codebook with different Ng and non-coherent codebook.
Proposal 6: For Ng=2, support two coherent groups of {0,1,4,5} and {2,3,6,7}; For Ng=4, support four coherent groups of {0,4}, {1,5}, {2,6} and {3,7}.
Proposal 7: Support separate indication of TRI and TPMI.
Proposal 8: Multiple SRS resource sets for CB or NCB based 8-port transmission is not needed. 
Proposal 9: one SRI/TRI/TPMI indication is sufficient for uplink codebook based 8-port transmission.
Proposal 10: For uplink transmission with rank>4, support UCI to be always multiplexed on the first CW.
Proposal 11: For NCB-based 8TX PUSCH transmission with NSRS>4, prefer option 2 (legacy mechanism) for SRI indication. 
Proposal 12: For study of full power transmission, antenna ports in one antenna port group can be assumed with the same maximal transmit power.
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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
	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 gNB antennas
	8Rx with (M, N, P, Mg, Ng)  = (2,2,2,1,1), (dH, dV) = (0.5, 0.5) λ,

	Precoding 
	Wideband

	SRS periodicity 
	4 slots

	SRS Comb
	Comb 2+ CDM4 

	Rank
	1 

	AMC
	on

	HARQ
	on

	Metric
	Throughput
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