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Introduction
Based on the Rel. 18 WID [1], the support for the 8Tx UL PUSCH was agreed in [2].
	Agreement
8TX PUSCH is supported in Rel-18



This contribution provides Samsung’s view regarding the 8Tx UL operation. 

Potential enhancements
1.1 Codebook-based transmission
	Agreement [3]
Study fully-coherent, partially-coherent and non-coherent UEs for uplink transmission with 8TX UEs .
 
Agreement [3]
Study full power transmission for 8TX UEs .
· Details are FFS upon completion of codebook design
Agreement [3]
For 8TX UE, consider the following UE antenna layouts for codebook design,
· For non-coherent UEs, consider linear array (1D/2D) of cross-polarized or single-polarized antenna configuration
· For fully/partial-coherent UEs, consider linear array (1D/2D)
· Where the array is either cross-polarized antenna configuration or single polarized antenna configuration
· Ng>=1 antenna groups can be considered where each group comprises coherent antennas, and across groups, antennas can be non-coherent/coherent depending on device types
· An example of an antenna group is a panel
· Within an antenna group, antenna elements are uniformly spaced. Across different antenna groups, companies to provide details.
Additional information for definition of antenna layout 
· Based on the number of coherent groups, following exemplary cases can be considered where, within each group, antenna elements are spaced by 0.5λ, and then dG-H, dG-V represent the horizontal and vertical spacings between the centers of adjacent antenna groups, respectively 
· Further down-selection can be done in the next meeting, if needed 
· The shown exemplary placing of antenna groups can be used for evaluation purpose, but the codebook design is not restricted to shown cases. 
· Other antenna layouts for other use cases are not precluded.
· To start companies may report their results according to their preferred layout.


	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


  
o   Other UE antenna assumption for the purpose of evaluation
	 
	Outdoor FWA
	Indoor FWA
	Industrial

	UE antenna height
	6, 3 m (To start)
	According to 36.873
	According to 38.901



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

Agreement [2]
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 [2]
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 [2]
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 Rel-15 4Tx UL codebook, three types are precoders, i.e., full-coherent (FC), partial-coherent (PC), and non-coherent (NC) are included. The FC precoders are essentially a subset of DL Type I 4Tx codebook [3], (relevant RAN1 agreements are copied in Appendix A), the PC precoders correspond to a subset of LTE 4Tx codebook, and the NC precoders correspond to antenna selection vectors. Since these three types of precoders were taken from three different types of codebooks, they were difficult to describe using a unified approach. For efficient discussion on 8Tx, however we should avoid adopting similar (i.e. Rel.15) approach, and rather consider a unified approach for all 3 coherence types. The approach based on antenna groups can be one way to unify. The 8 antennae can comprise one group or multiple groups depending on whether they are co-located at one place or distributed at multiple locations on the device. The number of groups  was agreed in RAN1#110. The antennae within a group can be assumed to be full-coherent (FC). The coherence assumption about antennae across multiple groups is FFS. There are two alternatives: (Alt1) antenna groups are non-coherent (NC) and (Alt2) two antenna groups can be FC. In our view, Alt1 makes more sense. If two antenna groups are FC, they essentially can be combined into one antenna group.

Observation 1: if two antenna groups comprise coherent antennae, they essentially can be combined into one antenna group for codebook design

Proposal 1: support a single unified 8Tx codebook structure for different coherence types (i.e. FC, PC, and NC) based on antenna groups
· Antennae within a group are coherent, and antennae across multiple groups are non-coherent
· FC/PC precoders: comprises two components 
· selection of antenna group(s), where a group comprises 2, 4, or 8 antennae (number of groups  )
· precoder across the selected antenna group(s)
· NC precoders: selection of antenna group(s), where group comprises single antenna (number of groups )

There are two alternatives for 8Tx codebook, as summarized in Table 1.
· With Alt2-a, for FC, a co-phasing component needs to designed between 2Tx/4Tx pre-coders in order to obtain a FC 8Tx precoder. Such co-phasing component is already present in R15 DL T1 CB, hence can be reused. 
· We therefore prefer Alt1-b since it allows maximum reuse of legacy codebooks, hence minimizing codebook design efforts.
· Also, given that the 8Tx TPMI will be WB, the performance difference between these alternatives, if any, is likely to me marginal. This has been shown via simulation in Section 3.
[bookmark: _Ref111065310]Table 1
	
	Non-coherent
	Partial-coherent
	Full-coherent

	Alt1-b
	R15 2Tx/4Tx CB
8x1 selection vectors
	R15 2Tx/4Tx CB
8x1 selection vectors
	R15 DL T1 CB

	Alt2-a
	R15 2Tx/4Tx CB
8x1 selection vectors
	R15 2Tx/4Tx CB
8x1 selection vectors
	R15 2Tx/4Tx CB
8x1 selection vectors




Observation 2: regarding the two alternatives on the 8Tx UL codebook design  
· Alt2-a requires designing a ‘new co-phasing’ component for FC precoders; such co-phasing is already present in R15 DL T1 CB
· Alt1-b allows maximum reuse of legacy codebooks, and hence minimizes 8Tx UL codebook design efforts
· Given that the TPMI is WB, the performance difference among these alternative, if any, is likely to me marginal



[bookmark: _Ref100915810]Figure 1

Similar to the R15 DL Type I single or multi-panel codebooks, different 8Tx antenna structures can be described based on the following parameters.
·  for cross-pol.
·  number of antenna groups.
·  Number of antennae in 1st dimension.
·  Number of antennae in 2nd dimension.
·  oversampling factor in 1st dimension.
·  oversampling factor in 2nd dimension.
·  number of DFT vectors (common for two polarizations)

The candidate values for  can be . The number of groups () can also be used to describe antenna coherence types, i.e. full-coherent (FC), partial-coherent (PC), and non-coherent (NC). In particular,
· FC: 
· PC: 
· NC: 

A few examples of the antenna structure are shown in Figure 1. The tuple  can take following values.
· FC: 
· PC: 
· NC: 

Proposal 2: regarding the 8Tx UL codebook, 
· support Alt1-b 
· reuse DL Type I codebook parameters () to describe/configure 8Tx UL codebook
· FC: 
· PC: 
· NC: 

TPMI overhead reduction

The TPMI payload for 8Tx should not be too large, in particular it should 1-2 bits more than 4Tx TPMI at the most. Hence, mechanisms to reduce TPMI payload need to be considered. We can consider the following example approaches to reduce TPMI payload. 

Approach 1: based on codebook parameters

The values of the codebook parameters can be one approach to reduce payload.
· Single DFT beam: the number of DFT beams can be fixed to 1 (i.e.,  which corresponds to codebooMode1 in DL Type I codebook).
· Lower oversampling factors : similar to R15 4Tx UL codebook (cf. Appendix A), the oversampling can be less (e.g. 1 or 2) than DL T1 CB (i.e. 4). It was also agreed in RAN1#110 to study lower oversampling factors. 

Approach 2: based on efficient signalling

The UL precoding indication indicates two components: (A) selection of antenna group(s), and (B) for FC or PC antenna group(s), a TPMI indicating a precoding matrix across the selected group(s). The indication about (A) and (B) can be according to the following examples:
· Ex1: two separate indicators, one for (A) and another for (B).
· Ex2: a joint indicator, e.g. TPMI 
Note that SRI and TPMI fields already exist in legacy UL-related DCI. The legacy UL precoding indication corresponds to Ex2. However, for 8Tx, Ex1 can be more efficient UL precoding indication scheme from spec simplicity perspective, since it can keep the TPMI payload small and decouples antenna selection aspect from the precoding indication, and couples it with SRI (which is intended to indicate selection of antennae/resources). Therefore, SRI can be used indicating (A) and TPMI can be used for indicating (B). 

Proposal 3: study the following approaches to reduce TPMI payload
· Approach 1: based on codebook parameter, e.g. , lower oversampling factors
· Approach 2: based on efficient signalling for the indication of (A) antenna group(s), and (B) UL precoding matrix, e.g. two separate indicators, e.g. SRI for (A) and TPMI for (B)

The Rel. 16 supports 3 different full power modes. If PC or NC precoders are included in the 8Tx UL codebook, then the full power modes may need to be supported. A summary of potential enhancements for different full power modes is provided in Table 2. 

[bookmark: _Ref111062430]Table 2
	Rel.16 full power modes
	Use case/feature
	Potential enhancements for 8Tx

	fullPower (or Mode0)
	All full-rated PAs
	Reuse (no spec change expected)

	fullPowerMode1
	No full-rated PAs
· Introduce a TPMI (x) to combine non-full-rated PAs to achieve full power
	8Tx TPMI (x) is needed

	fullPowerMode2
	SRS resources with different #SRS ports in a set
· SRS virtualization to achieve full power
	UE capability on SRS resource with different #ports

	
	Full power TPMI group(s) reported by UE
· Full power only for reported TPMIs
· Legacy power scaling for remaining TPMIs
	UE capability on 8Tx TPMI group(s)



Since the need for any enhancements for 8Tx will depend on the 8Tx UL codebook, the discussion on full power modes can start after the 8Tx codebook is designed and almost complete.

Proposal 4: Discussion on full power modes can start after the 8Tx codebook design is sufficiently mature

1.2 Non-codebook-based transmission
	Agreement [2]
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. 




For NCB based UL, the potential enhancements can include the following.
· Number of SRS resources: for 8Tx, the number of SRS resources () can be increased to up to 8
· Number of SRS resource set: when , the legacy (Rel.15) NCB based UL can be reused, and hence one SRS resource set with  resources can be configured. When , then the  SRS resources can be configured via one or two SRS resource sets. One resource set corresponds to simple extension of legacy Rel. 15 solution, whereas two SRS resource sets can provide more flexibility, and can also be used for mTRP schemes (e.g. Rel. 17 mTRP PUSCH). We therefore prefer to exploit number of SRS resource sets, and consider both one and two SRS resource sets for NCB based UL, i.e., support Alt3.
· SRI indication: when , the SRI indication remains the same as in Rel. 15, and when , the following aspects can be considered regarding the SRI indication.
· : the configured value of the max number of UL layers ( can be 4 or >4. 
· Indication scheme: the SRI indication scheme can be one of the following.
· Alt1: the legacy scheme based on the combinatorial index is used (extension of Rel. 15 SRI indication tables). The issue with the alternative is the spec-complexity due to (a) extending legacy tables for  for , and (b) introducing new tables for . The spec-complexity can save only 1-2 bits at the most when  is small, and there is no saving when  is large. 
· Alt2: a bitmap comprising  bits is used, where the location of ‘1’s indicate the indicated SRS resource(s). The bitmap based scheme can be simpler (when compared with a combinatorial index based scheme).

Observation 3: when compared with a bitmap approach, SRI indication for non-codebook-based 8Tx UL operation based on combinatorial indexing has large spec-complexity, and can save 1-2 bits only when  is small, and there is no saving for large .

Proposal 5: regarding 8Tx NCB based UL transmission,
· Number of SRS resources (): support up to 8
· Number of SRS resource sets: support Alt3 (both one SRS resource set and two SRS resource sets)
· When , the SRI indication follows legacy (Rel.15) scheme (i.e. based on combinatorial tables), and 
· When , the SRI indication is based on a length- bitmap

1.3 Multi-panel UE
For a UE equipped with 2 antenna panels, and simultaneous transmission from 2 panels (STx2P), the UL transmission can correspond to one PUSCH transmitted towards one TRP (sTRP) or 2 PUSCHs transmitted towards two TRPs (mTRP). The STx2P to sTRP is akin to Rel. 17 NCJT CSI, and hence SRI can indicate a pair of SRS resources (e.g. in one set) for joint transmission from 2 panels to 1 TRP. The STx2P to mTRP on the other hand is akin to Rel. 17 mTRP PUSCH repetition, and hence 2 SRIs can be used to indicate 2 SRS resources (e.g. from 2 sets) for separate transmission from 2 panels to 2 TRPs. Further details on STx2P are provided in our contribution [5].

Proposal 6: for STx2P, support both 
· Case 1 (1 PUSCH): one SRI indicating a pair of SRS resources (e.g. STx2P to sTRP)
· Case 2 (2 PUSCHs): two SRIs, each indicating a SRS resource for a TRP (e.g. STx2P to mTRP)

1.4 Number of CWs
	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.



Up to 8 layers PUSCH was agreed last meeting. For >4 layers, the number CWs (1 or 2) is yet to be decided. We support 2 CWs with completely reusing legacy DL CW-layer mapping. 1 CW requires new implementations and can have very large spec-impact, hence should not be avoided. 

Proposal 7: for uplink transmission with rank > 4, support 2 CWs, reusing legacy DL CW-layer mapping

SLS results
The SLS results according to the agreed EVM in RAN1#109-e (Table 3 in Appendix B) is provided in this section for the following setting:
· 8Tx antenna layout: Alt 1-b (Ng=1, (M, N ,P)=(1,4,2)
· Rank: 1 or dynamic rank 1-2
· 8Tx codebook: only full coherent precoding matrices are considered, and the following four codebooks (CBs) are compared.
· CB1: Alt 1-b, DL Type I codebook with  and   #TPMI bits = 4 and 5 for rank 1 and rank 2, respectively
· CB2: Alt 1-b, DL Type I codebook with  and   #TPMI bits = 5 and 6 for rank 1 and rank 2, respectively
· CB3: Alt 1-b, DL Type I codebook with  and   #TPMI bits = 6 and 7 for rank 1 and rank 2, respectively
· CB4: Alt 2-a (one UL 4Tx precoder + one UL 2Tx precoder)  #TPMI bits = 6 and 7 for rank 1 and rank, respectively
· UE Tx power: 23dBm, 32dBm
· Modulation: 64QAM, 256QAM

For performance comparison, CB1 is considered as a reference (corresponds to 100%) to obtain relative user perceived throughput (UPT) for CB2-CB4. The avg. UPT vs TPMI payload trade-offs are shown in Figure 2 and Figure 3 for rank 1 and dynamic rank 1-2, respectively. Each plot includes four points for CB1 – CB4. We can observe the following.

Observation 4: 
· Alt1-b vs. Alt2-a: when compared with CB1-CB3 (Alt1-b), CB4 (Alt2-a) is worse in performance and incurs either the same or more TPMI overhead, hence is always inferior in avg. UPT vs TPM overhead perspective
· up to ~18% loss on avg. UPT with CB4 overhead CB3, for the same TPMI overhead for both
· Oversampling factor (for Alt1-b): increasing oversampling factor improves avg. UPT performance at the cost of additional TPMI overhead of 1-2 bits 



[bookmark: _Ref111076439]Figure 2
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Conclusion
In this contribution, the following observations and proposals are made: 

Observation 1: if two antenna groups comprise coherent antennae, they essentially can be combined into one antenna group for codebook design

Observation 2: regarding the two alternatives on the 8Tx UL codebook design  
· Alt2-a requires designing a ‘new co-phasing’ component for FC precoders; such co-phasing is already present in R15 DL T1 CB
· Alt1-b allows maximum reuse of legacy codebooks, and hence minimizes 8Tx UL codebook design efforts
· Given that the TPMI is WB, the performance difference among these alternative, if any, is likely to me marginal

Observation 3: when compared with a bitmap approach, SRI indication for non-codebook-based 8Tx UL operation based on combinatorial indexing has large spec-complexity, and can save 1-2 bits only when  is small, and there is no saving for large .

Observation 4: 
· Alt1-b vs. Alt2-a: when compared with CB1-CB3 (Alt1-b), CB4 (Alt2-a) is worse in performance and incurs either the same or more TPMI overhead, hence is always inferior in avg. UPT vs TPM overhead perspective
· up to ~18% loss on avg. UPT with CB4 overhead CB3, for the same TPMI overhead for both
· Oversampling factor (for Alt1-b): increasing oversampling factor improves avg. UPT performance at the cost of additional TPMI overhead of 1-2 bits

Proposal 1: support a single unified 8Tx codebook structure for different coherence types (i.e. FC, PC, and NC) based on antenna groups
· Antennae within a group are coherent, and antennae across multiple groups are non-coherent
· FC/PC precoders: comprises two components 
· selection of antenna group(s), where a group comprises 2, 4, or 8 antennae (number of groups  )
· precoder across the selected antenna group(s)
· NC precoders: selection of antenna group(s), where group comprises single antenna (number of groups )

Proposal 2: regarding the 8Tx UL codebook, 
· support Alt1-b 
· reuse DL Type I codebook parameters () to describe/configure 8Tx UL codebook
· FC: 
· PC: 
· NC: 

Proposal 3: study the following approaches to reduce TPMI payload
· Approach 1: based on codebook parameter, e.g. , lower oversampling factors
· Approach 2: based on efficient signalling for the indication of (A) antenna group(s), and (B) UL precoding matrix, e.g. two separate indicators, e.g. SRI for (A) and TPMI for (B)

Proposal 4: Discussion on full power modes can start after the 8Tx codebook design is sufficiently mature

Proposal 5: regarding 8Tx NCB based UL transmission,
· Number of SRS resources (): support up to 8
· Number of SRS resource sets: support Alt3 (both one SRS resource set and two SRS resource sets)
· When , the SRI indication follows legacy (Rel.15) scheme (i.e. based on combinatorial tables), and 
· When , the SRI indication is based on a length- bitmap

Proposal 6: for STx2P, support both 
· Case 1 (1 PUSCH): one SRI indicating a pair of SRS resources (e.g. STx2P to sTRP)
· Case 2 (2 PUSCHs): two SRIs, each indicating a SRS resource for a TRP (e.g. STx2P to mTRP)

Proposal 7: for uplink transmission with rank > 4, support 2 CWs (reusing legacy DL CW-layer mapping)
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	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

	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 : 
(4,4,2,1,1,4,4) with (𝑑H, 𝑑V) = (0.5, 0.8)𝜆 

	gNB antenna radiation pattern parameters
	Outdoor 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
	Case 1-b: Ng=1, (M,N,P) = (1,2,4)

	Traffic model
	-    FTP model 1: Packet size 500KB, RU= 50% and suggested medium RU of value of 50%

	Precoder granularity
	Wideband 

	Power control
	Open loop, 
-    alpha = 0.8
-    P0 = -50

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

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



Outdoor FWA, rank 1 only

23dBm, 64QAM, {CB1,CB2,CB3,CB4}	4	5	6	6	1	0.970584390116355	0.98274284220159491	0.9884516494530875	32dBm, 64QAM, {CB1,CB2,CB3,CB4}	4	5	6	6	1.1382751557937858	1.2037739138013686	1.1665577199633939	1.1936636597376562	23dBm, 256QAM, {CB1,CB2,CB3,CB4}	4	5	6	6	1.1805900553449253	1.1877369590796183	1.2745021135660435	1.2425589401664707	32dBm, 256QAM, {CB1,CB2,CB3,CB4}	CB1
CB2
CB3
CB4

4	5	6	6	1.3486294504728287	1.436179021222818	1.5086503682398571	1.323092343225694	TPMI overhead (#bits)


Avg, UPT




Outdoor FWA, dynamic rank 1-2

23dBm, 64QAM, {CB1,CB2,CB3,CB4}	5	6	7	7	1	1.0406333810940886	1.0426907674785995	0.99324001616517865	32dBm, 64QAM, {CB1,CB2,CB3,CB4}	CB1
CB2
CB3
CB4

5	6	7	7	1.4466365406517505	1.4624710680039679	1.4840001469561703	1.4204783423343987	23dBm, 256QAM, {CB1,CB2,CB3,CB4}	5	6	7	7	0.99856717733935851	1.0289503655534737	1.0519857452514787	0.98063852456004996	32dBm, 256QAM, {CB1,CB2,CB3,CB4}	5	6	7	7	1.3900584150777029	1.4224622506337485	1.4156655277563466	1.3158455490649914	TPMI overhead (#bits)


Avg. UPT
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