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Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]In RAN1#110, further progress on support of 8 UL Tx transmission was achieved with 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 discuss details on codebook based and non-codebook based transmission schemes, signaling, SRS configuration and provide evaluation results on codebook designs.
Discussion
Non-codebook based transmission
To support non-codebook based transmission scheme, there are mainly two aspects to consider, one is SRS resource configuration and another is SRI indication design. Rel-15/16/17 framework can be extended to support 8Tx non-codebook transmission scheme however designing SRI indication tables could be time consuming and overhead could be large. One way could be to use 2 SRI fields as in Rel-17 mTRP PUSCH, in this case 2 sets of SRS resources can be configured, each with 4 resources. For SRI field mapping, first SRI field corresponds to first set and second SRI field corresponds to second set. 
Two SRI fields corresponding to two SRS resource sets for non-codebook transmission can be considered to simplify the SRI indication.
With two SRI fields in DCI, further discussion is needed on details of SRI indication and split in number of layers indicated. Current spec can indicate up to 4 SRIs to schedule 4 layers in uplink for non-codebook based transmission, and 4 single port SRS resources where transmission of SRS resources is up to UE implementation, for example each SRS resources is transmitted from single antenna. In this sense, it can be assumed as equivalent to non-coherent codebook design. Hence there is no need to restrict combination on indicated SRIs with two SRI fields. 

Codebook based transmission
To support codebook-based transmission scheme, 8Tx codebooks need to be specified. It would be straightforward for non-coherent and partial-coherent codebook subsets constructed by simply concatenating current 4Tx codebook subsets and UL 8Tx precoder is indicated using 2 TPMI fields in the DCI. For 8Tx partial and non-coherent codebook, in alt1b and alt2a are same, is constructed based on legacy 2Tx or 4Tx codebook, assuming that Ng=2 or 4 respectively. Legacy 4Tx full-coherent codebook subset includes partial and non-coherent precoders, and to reuse Rel-17 TPMI indication mechanism as much as possible, with 2 TPMI fields which can support the antenna structures with Ng=2 and 4. Furthermore, full-coherent precoders in 4Tx codebook can be restricted by RRC configuration, which is already supported in the current specification, to further reduce the overhead if necessary. Hence, from codebook design perspective Ng=4 is not necessary.
For construction of partial and non-coherent 8Tx codebook, reusing current 4Tx codebook can support both antenna structures with Ng=2 and 4.

For full-coherent 8Tx, there are 2 approaches with alt1b and alt2a, in section 3 we compare the simulation results DL single panel type 1 codebook and using legacy 4Tx codebook with co-phasing. For advanced devices with regular shaped cross-pole coherent antennas, Rel-15 DL single panel type 1 codebooks can be baseline. An UE reporting full-coherent capability with 8Tx UL transmission can be configured with type 1 codebook, and potentially oversampling factors {O1, O2}. 
DL type1 codebook is supported/configured to UE supporting full coherent capability for 8Tx UL transmission. And, one field in DCI to indicate TPMI for PUSCH transmission. 

For UEs reporting partial and non-coherent capabilities, legacy 4 Tx codebook is configured. Further codebook subset restriction excluding full-coherent precoders, as supported in current spec, can be supported in order to support antenna structure with Ng=4. Two fields, as in Rel-17, in DCI are used to indicate the 8Tx precoder TPMI.
Codebook constructed by two 4Tx precoders indicated by two TPMI fields is supported for partial and none-coherent UEs.

SRS configuration
In RAN1#110, 3 alternatives were agreed for SRS configuration for non-codebook based scheme for down selection, where alternative 1 supports single SRS resource set with up to 8 resources and alternative 2 supports two resource sets each with up to 4 resources, and alternative 3 supports both alternative 1 and 2. In our view, supporting both alternatives of SRS configuration for non-codebook based scheme is redundant. The design should also consider the use case of simultaneous multi-panel transmission. 
SRS configuration for non-codebook based scheme, down select between alternative 1 and 2 from RAN1#110, the use case of simultaneous multi-panel transmission should also be considered while making decision. 

For codebook based scheme, SRS configuration should be flexible to support both full-coherent (type 1) codebook and partial/non-coherent codebook. In this sense it is preferable to configure 1 SRS resource with 8 ports when type 1 codebook is configured, and for partial/non-coherent codebook 2 SRS resources with 4 ports each can be configured to support 8 Tx UL transmission. For UL simultaneous multi-panel transmission, it is also preferable to configure 2 separate SRS resources corresponding to two TPMI fields in DCI. 
SRS configuration for codebook based scheme, to support both full-coherent (type 1) codebook and partial/non-coherent codebook, support 1 SRS resource with 8 ports and 2 SRS resources with 4 ports each to support 8Tx UL transmission.

Single CW vs Two CW for rank>4
For transmission rank>4, it was agreed in RAN1#110 that the decision will be made on whether support 1 CW or 2 CWs in RAN1#110bis. In section 3, we provide evaluation results comparing performance of 8Tx and 4Tx eigen vector based precoding with max rank=4 and max rank=8 separately. It can be observed that additional gain from supporting 2 CWs is marginal. Different specification impacts can be envisioned for 1 CW with up to 8 layers and 2 CWs for rank>4. Considering the workload and specification impact, it should be carefully considered whether to support 1 CW or 2 CWs for rank>4. If 2 CWs are supported, at least UCI multiplexing shall be further discussed
Carefully consider whether to support 1 CW or 2 CWs for transmission rank>4. If 2 CWs  are supported, how to multiplex UCI and other potential spec impacts shall be further discussed. 

Other issues
Other related specification enhancement needed to support 8Tx UL are SRS, DMRS, PTRS and whether/how to support all UL full power transmission modes.
Details on SRS, DMRS configuration/indication are discussed in [4][3], for DMRS port indication the entries for DL 8Tx transmission can be taken as starting point.
In current spec, maximum of 2 ports PTRS is supported, which is configured by RRC. And, association of PTRS port to DMRS port is indicated in DCI. For the case of supported layers >4, PTRS to DMRS association table shall be extended.
Rel-16 supports UL full power transmission, there are three modes specified namely, fullpower mode (also known as mode0), fullpowerMode1 and fullpowerMode2.  For CPE/FWA type of devices it can be assumed that fullpower mode0 is supported, on the other hand for the devices supporting full-coherent precoders only (such as Rel-15 DL type 1 codebooks), full power modes are irrelevant. It can be discussed after the 8Tx codebook design becomes clear.
Following issues should be further discussed:
PTRS-DMRS association indication when rank>4, if supported
Impact on full power modes 

Simulation results
Table 1 in the appendix lists the simulation assumptions and the agreed antenna configurations are listed in Table 2. In this evaluation, we consider antenna configuration of 1-b for 8Tx in UL with SVD based eigenvector precoding for 4Tx for comparison. 
Considerable performance gain can be seen for 8Tx versus 4Tx. Figure 1 shows the evaluation results, 30 % improvement of mean UE SE is observed with 8Tx compared to 4Tx with highest modulation order of 64 QAM and 256QAM. Besides, maxRank=4 with 256QAM reaches similar performance as maxRank=8 with 64QAM, which illustrates that performance gain is negligible by increasing max rank beyond 4.
[bookmark: _GoBack]Figure 2 shows the performance gain of 2 CWs against 1 CW with modulation of 64 QAM and 256 QAM. Performance gain of 2 CWs is negligible.
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[bookmark: _Ref101810274][bookmark: _Ref111191113]Performance gain of 2 CWs vs 1CW, maxRank=8 (baseline: left: 1 CW, 64QAM; right: 1 CW, 256 QAM)

Performance gain of 2 CWs compared to 1 CW is negligible.

Below we evaluate performance of full-coherent codebook designs, type 1 codebook with different (O1, O2) values and codebook based on 4Tx with co-phasing. To evaluate the performance gain of type 1 codebook versus 4tx with co-phasing, typical antenna configuration 1-a in table 2 for both type 1 codebook and 4Tx with co-phasing codebook are considered. Considering simulation complexity and resources, we only consider codebook subset with max Rank equals to 4 for now. For the codebook based on 4Tx with co-phasing, a full-coherent precoder is constructed with a co-phasing factor derived from QPSK alphabets as shown in equation (1) below.
               (1)

[image: ]
[bookmark: _Ref115369992][bookmark: OLE_LINK1] Performance evaluation on 8Tx with different codebook with maxRank equals 4, baseline(0%: 8Tx full-coherent precoder based on 4Tx with co-phasing)

From the above evaluation we observe that nearly 10% performance gain in term of SE for 5 percentile UEs and mean user SE can be achieved with type 1 codebook with O1/O2 equals 2 and 1. 5% performance gain at 95 percentile user SE can be seen.  
Considerable performance gain of type1 codebook over codebook based on Rel-15 4Tx precoder with co-phasing can be seen      
[image: ]
[bookmark: _Ref115369995]Performance evaluation on 8Tx with different codebook with maxRank equals 8, baseline(0%: 8Tx eigen-vector based transmission)
As shown in Figure 2 and Figure 3, type1 codebook with O1/O2 =1 and type 1 codebook with O1/O2 =2 has similar performance, however the overhead is small with O1/O2 =1 for type1 codebook.
Type1 codebook with O1/O2 =1 and type 1 codebook with O1/O2 =2 has similar performance.
Considering the performance gain, type1 codebook for both antenna layouts 1-a and 1-b in table 2 can be supported. We thus propose to support type 1 codebook for full-coherent antenna configuration.
Support type 1 codebook for full-coherent 8Tx antenna configuration.

Conclusions 
In this contribution, we discussed design principle of 8Tx codebooks and other relevant issues. We also provided evaluation results showing performance gain of 8Tx precoding against 4Tx in UL. We have the following observations and proposals:
1. For construction of partial and non-coherent 8Tx codebook, reusing current 4Tx codebook can support both antenna structures with Ng=2 and 4.
Performance gain of 2 CWs compared to 1 CW is negligible.
Considerable performance gain of type1 codebook over codebook based on Rel-15 4Tx precoder with co-phasing can be seen      
Type1 codebook with O1/O2 =1 and type 1 codebook with O1/O2 =2 has similar performance.

1. Two SRI fields corresponding to two SRS resource sets for non-codebook transmission can be considered to simplify the SRI indication.
DL type1 codebook is supported/configured to UE supporting full coherent capability for 8Tx UL transmission. And, one field in DCI to indicate TPMI for PUSCH transmission. 
Codebook constructed by two 4Tx precoders indicated by two TPMI fields is supported for partial and none-coherent UEs.
SRS configuration for non-codebook based scheme, down select between alternative 1 and 2 from RAN1#110, the use case of simultaneous multi-panel transmission should also be considered while making decision. 
SRS configuration for codebook based scheme, to support both full-coherent (type 1) codebook and partial/non-coherent codebook, support 1 SRS resource with 8 ports and 2 SRS resources with 4 ports each to support 8Tx UL transmission.
Carefully consider whether to support 1 CW or 2 CWs for transmission rank>4. If 2 CWs  are supported, how to multiplex UCI and other potential spec impacts shall be further discussed. 
Following issues should be further discussed:
PTRS-DMRS association indication when rank>4, if supported
Impact on full power modes 
Support type 1 codebook for full-coherent 8Tx antenna configuration.


Appendix 
Table1: simulation assumptions
	Parameter
	Value

	Frequency range
	3.5 GHz

	Multiple access
	OFDMA 

	Numerology
	14 OFDM symbol slot
SCS, 30 KHz  

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

	Channel model
	38.901

	System bandwidth
	20 MHz 

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

	gNB antenna radiation pattern parameters
	Outdoor/Indoor FWA : 
38.901 Table 7.3-1, 8 dBi , 65° 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
	 (1,4,2,1,1,1,4) with (𝑑H, 𝑑V) = (0.5, 0.5)𝜆

	Traffic model
	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
	32 dBm (FWA, 38.101)

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



Table2: Antenna layouts
	Case
	Ng
	(M, N, P) per group
	Antenna Layout
	Antenna Pattern/Antenna Element Gain

	1
	1
	(2, 2, 2), 
(1, 4, 2)
	
	Isotropic (Indoor/Outdoor FWA & Industrial)
 
8 dBi, 65° HPBW(Outdoor FWA)

	2
	2
	(1, 2, 2)
	
	Isotropic (Indoor/Outdoor FWA & Industrial)
 
8 dBi, 65° HPBW(Outdoor FWA) 

	3
	4
	(1, 1, 2)
	

	Isotropic (Indoor/Outdoor FWA & Industrial)
 
4 dBi, 110° HPBW(Indoor FWA & Industrial
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