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1. Introduction
In RAN#94-e meeting, a new Rel-18 WID on MIMO [1] was agreed. One from the seven objectives is to study 8 TX UL operation. In last RAN1 meeting, following agreements have been made.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 discuss the performance evaluations and detailed designs for 8TX UL transmission. 
 
2. 1 CW vs. 2 CWs for rank > 4 UL transmission
In last RAN1 meeting, up to 8-layer UL transmission for 8TX UE has been supported. For rank > 4 UL transmission, whether single or dual CW is used is still FFS. SLS is performed to evaluate the performance differences.  Our SLS follows the agreed evaluation parameters shown in appendix, and outdoor FWA scenario is selected for evaluation. 
In the simulations, 4 cases are evaluated, including 4Tx-rank4, 8Tx-rank4, 8Tx-rank8-2CW and 8Tx-rank8-1CW, where ‘m’Tx-rank‘n’ means ‘m’ Tx antenna is used with max rank limitation of ‘n’. For each case, different assumptions of codebook and resource utilization are used.
Fig. 2-1 (a), (b), (c) show the performance of non-codebook based PUSCH transmission for 95%-ile, average, and 5%-ile packet throughput, respectively. It is obvious that 2 CWs transmission provides significant performance gain over 1 CW transmission in terms of 95%-ile and average packet throughput in low, medium, and high RU cases. For example, for RU=50%, the performance gain of 2 CWs transmission over 1 CW transmission is 24.4% for 95%-ile, 19.3% for average, and 13.2% for 5%-ile packet throughput, respectively.
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(a) 95%-ile packet performance
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(b) Average packet performance
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(c) 5%-ile packet performance
Fig. 2-1: Throughput performance of 8TX UL non-codebook based transmission (1 CW vs. 2 CWs)

Fig. 2-2 (a), (b), (c) show the performance of codebook based PUSCH transmission for 95%-ile, average, and 5%-ile packet throughput, respectively. Compared with non-codebook based PUSCH transmission, the performance gap between 2 CWs and 1 CW transmission with codebook-based PUSCH transmission becomes much smaller. But still 2 CWs transmission has higher throughput performance than 1 CW transmission. Hence, 2 CWs transmission for more than 4-layer PUSCH should be supported. 
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(a) 95%-ile packet performance
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(b) Average packet performance
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(c) 5%-ile packet performance
Fig. 2-2: Throughput performance of 8TX UL codebook based transmission (1 CW vs. 2 CWs)

Observation 1
· 2 CWs PUSCH transmission improves the throughput performance of 8Tx-rank8 compared with 1 CW PUSCH. 
· [bookmark: _Hlk115378854]For non-codebook based UL transmission, 2 CWs transmission provides performance gain of about 22%~27% for 95%-ile, 18%~21% for average, and 1%~17% for 5%-ile packet throughput, compared with 1 CW transmission.

Proposal 1
· Support 2 CWs for more than 4-layer PUSCH transmission.

To support up to 8-layer UL transmission, codeword-to-layer mapping for more than 4 layers for spatial multiplexing should be introduced for PUSCH. In Rel-17, the codeword-to-layer mapping for more than 4 layers for spatial multiplexing has been defined for PDSCH, which could be extended to PUSCH easily.
When two codewords are transmitted for a PUSCH with more than 4 layers, codeword-specific indications of MCS, NDI, and RV in DCI should be supported, like two codewords transmission for a PDSCH. In Rel-17, UCI can be multiplexed on PUSCH in some conditions. If two codewords are transmitted for a PUSCH, some enhancements on UCI multiplexing for two codewords PUSCH should be studied.
Above mainly discusses the potential enhancements on two codewords PUSCH for more than 4 layers. For simultaneous multi-panel UL transmission for a multi-panel UE, it is also beneficial to consider two codewords PUSCH transmission from two panels, for less than 4 layers [2]. In that case, the design on support of two codewords PUSCH should be common and can be discussed jointly for the two features of 8TX UL transmission and multi-panel UE transmission.

Proposal 2
· Support two codewords for PUSCH transmission for more than 4 layers. Following enhancements can be further discussed.
· codeword-to-layer mapping for more than 4 layers for spatial multiplexing (reuse DL codeword-to-layer mapping)
· DCI enhancement with codeword-specific indications of MCS, NDI, and RV
· UCI multiplexing on two codewords PUSCH

3. Discussion on 8TX UL transmission
3.1 Codebook design
In last RAN1 meeting, we have agreed to further study Alt1b and Alt2a for down-selection.
· Alt1-b:
· Study NR Rel-15 UL 2TX/4TX codebooks and/or 8x1 antenna selection vector(s) as the starting point for design of the codebook for partially/non-coherent UEs
· [bookmark: _Hlk115102972]Study NR Rel-15 DL Type I codebook as the starting point for design of the codebook for fully-coherent UEs
· Alt2-a:
· Study NR Rel-15 UL 2TX/4TX codebooks and/or 8x1 antenna selection vector(s) as the starting point for design of codebook for fully/partially/non-coherent UEs
 
The main difference between Alt1-b and Alt2-a is the codebook design for fully-coherent precoders. In Alt2-a, codebook design based on NR Rel-15 UL 2TX/4TX codebook requires co-phasing design between UE antenna groups, which needs additional specification effort and is not preferred. On the other hand, such co-phasing design has been considered in NR Rel-15 DL Type I codebook. Hence, NR Rel-15 DL Type I codebook can be reused for full-coherent precoders. In NR Rel-15 DL Type I codebook, there are different (N1, N2) and (O1, O2) values for 8TX. SLS is performed to evaluate the performance with different parameters.  
Fig. 3-1 shows the UE SE performance in full buffer traffic, with different oversampling factors for UE antenna layout (1,4,2). Three cases of oversampling factors are evaluated, including (O1, O2)= (4, 1), (O1, O2)= (2, 1), and (O1, O2)= (1, 1). It is observed that the performance gap among different cases is very small, even for the case without oversampling, i.e., (O1, O2)= (1, 1).

Observation 2
· The performance degradation brought by the case of (O1, O2)=(1, 1) is small compared with the case of (O1, O2)=(4, 1).
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Fig. 3-1: SE performance of 8TX UL codebook based transmission with different oversampling factors

Based on the evaluation results, we think it is sufficient to support one candidate value for one antenna layout with small oversampling factors, e.g., (N1, N2)=(4, 1), (O1, O2)=(1, 1). For fully-coherent precoders, it is straightforward to introduce a new TPMI index for a new 8TX precoder.
For partially precoders, NR Rel-15 UL 2TX/4TX codebook can be the starting point. For example, for partially-coherent UE with 2 antenna groups (4 coherent antennas per group), one or two precoders can be selected from existing 4TX precoders to form a new 8TX precoder. The selected one or two precoders can be regarded as precoder for each UE antenna group. One example of 8TX precoder based on legacy 4TX precoder can be as follows. The selected one or two precoders can be 4TX fully-coherent precoders only, to reduce the number of new precoders.

For non-coherent precoders, it is sufficient to select a part of antenna selection vectors to be supported, considering DCI indication overhead.

Proposal 3
· For 8TX UL codebook design, support Alt1-b.
· For fully-coherent precoders, new 8TX precoder (each with a new TPMI index) is designed based on existing Rel-15 DL Type I codebook.
· Support one candidate value of (N1, N2) and (O1, O2), e.g., (N1, N2)=(4, 1), (O1, O2)=(1, 1).

Regarding the TPMI/RI indication method, one important issue we need to discuss first is how to configure a codebook subset for an 8TX UE. If legacy mechanism is reused, for a fully-coherent UE, it can be configured with 'fullyAndPartialAndNonCoherent' codebook subset; for a partially-coherent UE, it can be configured with 'partialAndNonCoherent' codebook subset. In that case, a unified TPMI/RI indication method for fully-/partially-/non-coherent precoders should be supported so that UE can have a consistent understanding of the DCI field. On the other hand, if a certain type of UE can be configured with a certain type of precoders only, e.g., a fully-coherent UE can be configured with fully-coherent precoders only at a time, or a partially-coherent UE can be configured with partially-coherent precoders only at a time, separate indication method can be considered for fully-coherent and partially-coherent precoders, and UE can have different interpretations of the DCI fields. We slightly prefer to follow legacy mechanism and to have a unified TPMI/RI indication method.

Proposal 4
· Similar as legacy, fully-coherent UEs can be configured with 'fullyAndPartialAndNonCoherent' codebook subset; partially-coherent UEs can be configured with 'partialAndNonCoherent' codebook subset.

If we follow legacy mechanism on codebook subset configuration, for fully-coherent precoders, since it is straightforward that a new TPMI index is needed for each new 8TX precoder in a new precoding matrix table, such method can be also used for partially-/non-coherent precoders, even though for partially-/non-coherent precoders, multiple TPMI indexes indications from existing UL 2TX/4TX codebook tables are also possible. Anyway, to ensure a unified TPMI/RI indication method for UEs with different coherent assumptions, a single TPMI index indication for each new 8TX precoder from new precoding matrix tables for different layers is a cleaner solution. For RI indication, similar as legacy, joint indication of layer and TPMI index can be the used, which has less DCI indication overhead compared with separate indication of layer and TPMI index.
In last RAN1 meeting, we have agreed to study full power transmission for 8TX UEs. The existing methods of full power mode0, mode1, and mode2 in Rel-16 can be considered as starting point for non-coherent and partial-coherent codebook subsets.

Proposal 5
· Support a unified TPMI/RI indication method for fully-/partially/non-coherent UEs/precoders. 
· Support joint indication of layer and TPMI.
· For TPMI, support single precoder indication (with one TPMI index) for fully/partially/non-coherent precoders.

3.2 SRS configuration
For SRS with usage of ‘noncodebook’, two alternatives have been agreed with different number of SRS resource sets. For fully-coherent UE, Alt1 with single SRS resource set is a straightforward solution. If a unified solution is required, Alt1 should be supported. On the other hand, for partially-coherent UEs, up to two SRS resource sets can be considered, each of which is associated with an antenna coherent group. In this case, two SRI fields can be indicated in DCI. We’re open to support two different SRS resource configurations for non-codebook based PUSCH TX.

Proposal 6
· For SRS configuration for non-codebook UL transmission for an 8TX UE, prefer to support Alt1. Can also accept Alt3. 
· If Alt3 is supported, different configuration methods are applicable to UEs with different antenna coherent capabilities.

4.  Conclusion
In this contribution, we discussed the performance evaluations of 8TX UL transmission, and potential enhancements to support 8TX UL transmission. We have following observations and proposals.
Observation 1
· 2 CWs PUSCH transmission improves the throughput performance of 8Tx-rank8 compared with 1 CW PUSCH. 
· For non-codebook based UL transmission, 2 CWs transmission provides performance gain of about 22%~27% for 95%-ile, 18%~21% for average, and 1%~17% for 5%-ile packet throughput, compared with 1 CW transmission.
Observation 2
· The performance degradation brought by the case of (O1, O2)=(1, 1) is small compared with the case of (O1, O2)=(4, 1).

Proposal 1
· Support 2 CWs for more than 4-layer PUSCH transmission.
Proposal 2
· Support two codewords for PUSCH transmission for more than 4 layers. Following enhancements can be further discussed.
· codeword-to-layer mapping for more than 4 layers for spatial multiplexing (reuse DL codeword-to-layer mapping)
· DCI enhancement with codeword-specific indications of MCS, NDI, and RV
· UCI multiplexing on two codewords PUSCH
Proposal 3
· For 8TX UL codebook design, support Alt1-b.
· For fully-coherent precoders, new 8TX precoder (each with a new TPMI index) is designed based on existing Rel-15 DL Type I codebook.
· Support one candidate value of (N1, N2) and (O1, O2), e.g., (N1, N2)=(4, 1), (O1, O2)=(1, 1).
Proposal 4
· Similar as legacy, fully-coherent UEs can be configured with 'fullyAndPartialAndNonCoherent' codebook subset; partially-coherent UEs can be configured with 'partialAndNonCoherent' codebook subset.
Proposal 5
· Support a unified TPMI/RI indication method for fully-/partially/non-coherent UEs/precoders. 
· Support joint indication of layer and TPMI.
· For TPMI, support single precoder indication (with one TPMI index) for fully/partially/non-coherent precoders.
Proposal 6
· For SRS configuration for non-codebook UL transmission for an 8TX UE, prefer to support Alt1. Can also accept Alt3. 
· If Alt3 is supported, different configuration methods are applicable to UEs with different antenna coherent capabilities.
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Appendix
Table A-1: Simulation parameters
	Parameter
	Value

	Frequency range
	3.5 GHz

	Multiple access
	OFDMA 

	Numerology
	14 OFDM symbol slot
SCS , 30 KHz  

	Scenario
	Outdoor FWA (38.901): UMa (ISD = 500 m), 100% Outdoor, 3Km/h

	
	Indoor FWA (38.901): UMi (ISD = 200 m), 100% Indoor, 3Km/h

	
	Industrial (38.901): Indoor Office (Inh ), 3Km/h

	Channel model
	38.901

	System bandwidth
	20 MHz, 100 MHz 

	gNB RX antenna setup and port layouts
(𝑀,𝑁,𝑃,𝑀𝑔,𝑁𝑔,𝑀𝑝,𝑁𝑝) 
	Outdoor FWA : 
(8,8,2,1,1,4,8) with (𝑑H, 𝑑V) = (0.5, 0.8)𝜆
(4,4,2,1,1,4,4) with (𝑑H, 𝑑V) = (0.5, 0.8)𝜆
 
Indoor FWA : 
(8,8,2,1,1,4,8) with (𝑑H, 𝑑V) = (0.5, 0.8)𝜆
(4,4,2,1,1,4,4) with (𝑑H, 𝑑V) = (0.5, 0.8)𝜆
 
Industrial:
(2,2,2,1,1,2,2) with (dH , dV ) = (0.5, 0.5)λ
 

	gNB antenna radiation pattern parameters
	Outdoor/Indoor FWA : 
38.901 Table 7.3-1, 8 dBi , 65° HPBW
 
Industrial:
IMT.2412 Table 10,5 dBi , 90° HPBW
 

	gNB receiver noise figure
	5dB 

	gNB receiver
	MMSE-IRC

	gNB scheduler
	Single user with proportional fair

	Modulation
	-    Up to 64 QAM  
-    Up to 256QAM  

	MIMO scheme
	SU-MIMO with rank adaptation

	UE speed
	3 Km/h

	UE TX antenna configuration
	(1, 4, 2)

	Traffic model
	-    FTP model 1: Packet size 500KB, RU= 50% and suggested low/high RU of values of 20% and 70%
-   Full buffer (optional) 

	Suggested benchmarking
	R15 UL 4-Tx codebook , 
Eigen-based, companies report PRG assumption 

	Precoder granularity
	Wideband 

	Power control
	Open loop, 
-    alpha = 0.8
-    P0 = -50, -80 dBm  
to be selected according to the deployment scenario 

	UE power rating
	23 dBm (UE, 38.101)
32 dBm (FWA, 38.101)

	Metric
	UL mean-user throughput, 5%-ile and 95%-ile UPT
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