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1 Introduction
In RAN#94, a new Rel-18 WID on MIMO evaluation for DL and UL was approved as in [1]. In such new WID, UL-MIMO related enhancement involving 8-Tx UL operation, simultaneous Tx cross multi-panel (STxMP), TA and power control enhancement, unified TCI and UL-DMRS are prioritized as essential feature(s) for 5G-Advanced; meanwhile, DL-MIMO related enhancement is also considered in Rel-18 MIMO evolution. In this contribution, we elaborate our initial views on Rel-18 UL 8TX evolution. 
In [1], the following objective is identified for enhancement on 8-Tx UL operation. 
	5.	Study, and if justified, specify UL DMRS, SRS, SRI, and TPMI (including codebook) enhancements to enable 8 Tx UL operation to support 4 and more layers per UE in UL targeting CPE/FWA/vehicle/Industrial devices
· Note: Potential restrictions on the scope of this objective (including coherence assumption, full/non-full power modes) will be identified as part of the study.



2 Enhancement for 8-Tx UL operation
Since the scope of this WID is broad, essential issues should be identified at the first stage of Rel-18 and treated with high priority. Therefore, we provide the following considerations on the move-forward order:
· Step 1: Evaluation assumption for 8-Tx, and determination of scope of WID, e.g., supported UL transmission scheme (CB, NCB), supported coherent-type (full/partial/non coherent), condition for 2 CWs (# of layers, # of Tx), full power mode 0/1/2, etc.
· Step 2: Framework and detailed design for CB and NCB based transmission. As a basic and the most essential feature for UL transmission, they should be discussed with the highest priority. 
· Step 3: Framework and detailed design for 2 CWs (codeword). 2 CWs can provide more flexibility for scheduling than the current 1 CW for UL transmission, so 2 CWs framework should be specified for 8-Tx as a second most essential feature. 
· Step 4: Design for full power mode. The current full power modes should be supported in Rel-18. But the details can be discussed later, e.g., after the codebook design is clear.
· Step 5: Leftover issues. 

2.1 Evaluation on 8-Tx UL transmission
Evaluation assumption for 8-Tx is fully analyzed in our companion contribution [2]. Herein we provide our evaluation on justifying the benefits of supporting 8-Tx and more than 4 layers for 8-Tx UL transmission. 
Via SLS simulation, we comprehensively evaluate performance for supporting 8 TX UL operation including three cases: a) ‘8-Tx & max RANK-8’, b) ‘8-Tx & max RANK-4’ and c) ‘4-Tx & max RANK-4’. The simulation  assumptions can be found in appendix Table 2.
· Evaluation results with ideal UL precoding (SVD-based) are shown in Figure 1. 
· It can be observed that, with the increase of the number of Tx(s), the UL transmission can perform with higher RANK, and as a consequence the system throughput can be improved significantly (e.g., 13.31% and 27.09% gains over legacy UE with ‘4-Tx & max RANK-4’). 
· Then, comparing the cases of ‘8-Tx & max RANK-8’ and ‘8-Tx & max RANK-4’, we can find that the enhancement on supporting max 8-layer UL transmission can provide sufficient benefits, especially for cell-centric UE (i.e., 95%-ile UE) (~44.43% gain over legacy UE), and meanwhile the network can obtain an obvious performance gain in terms of average throughput. 
· After that, as a straightforward solution, directly reusing DL Type-I codebook in 8-Tx UL operation is evaluated and results are shown in Figure 2.
· Besides the similar observations for performance comparison among above three cases, we further identify that we can still have significant performance gain by supporting 8-Tx and up to 8 layers in terms of RANK distribution, average and 95%-ile UPTs, although there is some performance degradation compared with ideal precoding. 
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Figure 1 Performance evaluation with ideal UL preconding (SVD-based) for ‘8-Tx & max RANK-8’, ‘8-Tx & max RANK-4’ and ‘4-Tx & max RANK-4’: (a) Rank distribution, (b) average UPT, (c) 95%-ile UPT
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Figure 2 Performance evaluation reusing DL Type-I codebook for ‘8-Tx & max RANK-8’, ‘8-Tx & max RANK-4’ and ‘4-Tx & max RANK-4’: (a) Rank distribution, (b) average UPT, (c) 95%-ile UPT
Observation 1: Regarding 8 Tx-UL operation, from the evaluation results, it can be observed that:
· Increase number of UL Tx(s) can bring significant performance benefits.
· Increase number of layers from 4 to 8 can bring higher performance gain to maximize benefits by introducing 8-Tx UL operation, especially for 95%-ile UE. 
Proposal 1: Regarding 8 Tx-UL operation in Rel-18, support 8-Tx and more than 4 layers UL transmission.

2.2 WID scope for UL MIMO in Rel-18
For UL MIMO in Rel-18, target UE is CPE/FWA/vehicle/Industrial devices which is assumed as higher capability UE compared with legacy UE. Supporting up to 8-Tx and up to 8-layer is the first step of the enhancement in Rel-18 for UL MIMO. Then it may need to identify the degree of support for some features on UL MIMO as follows in Rel-18.
· Regarding codebook based and non-codebook based UL transmission, both of them should be supported. On one hand, codebook based UL transmission has been fully commercialized, and needs enhancement straightforwardly; on the other hand, non-codebook based scheme may need less standardization efforts for the enhancement.
· Regarding coherency level for codebook design, full coherent and partial coherent should be supported for different antenna layouts, but non coherent seems not so necessary and can be considered to be precluded. In addition, candidate antenna layouts/multi-panel equipment should also be discussed for full coherent, and partial coherent cases as shown in Figure 3 and Figure 4. Note that the ports in a port group are assumed as coherent with each other. 
· Regarding 2 CWs for UL transmission, it should be supported for more than 4 layers naturally, for multiple panel simultaneous transmission as a reasonable requirement, for 2~4 layers as a preferred enhancement. 
· With the increase of number of UL layers and UL Tx(s), 2 CWs using individual MCS, RV and NDI become much essential for uplink transmission. 
· Then, the condition of enabling more than 1 CWs for UL transmission (e.g., while the number of Tx(s) and UL layers exceeds a threshold) can be further studied in RAN1.
· Regarding full power mode for codebook design, full power mode which allows to make full use of UE’s power capability, so it should be specified for partial coherent codebook based transmission in Rel-18. Current full power mode 1 and 2 can be both supported. The feature can be discussed with a low priority since full power feature is an optimized one. 
· Regarding RS design, SRS for 8 Tx for CB, NCB, and antenna switching (e.g., 8T8R) should be supported, and UL DMRS for facilitating more than 4 layers transmission should be supported as well. 
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(a)	N1, N2 = 1, 4								(b)	N1, N2 = 2, 2
Figure 3 full coherent cases with different antenna layouts
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(c)	8-Tx with two 4-port groups				(d)	8-Tx with four 2-port groups
Figure 4 partial coherent cases with different antenna layouts
Proposal 2: Both codebook based and non-codebook based UL transmission should be supported in Rel-18 for UL MIMO. 
Proposal 3: Full coherent and partial coherent capabilities should be supported, and non coherent capability can be precluded or deprioritized in Rel-18 for UL MIMO. 
Proposal 4: On 8-Tx UL transmission enhancement, 2 CWs for UL transmission should be supported. 
· Condition of enabling >1 CWs for UL transmission can be further studied in RAN1, e.g., if the number of Tx(s) and the number of UL layers exceeds threshold(s).
Proposal 5: The legacy full power mode 1 and 2 should be supported in Rel-18 for UL MIMO, but details can be discussed after codebook design is clear. 

2.3 SRI/TPMI enhancement for enabling 8 TX UL transmission
In this subsection, details of SRI/TPMI and rank indication for codebook based transmission and non codebook based transmission are further discussed. 
2.3.1 Codebook based transmission
UL codebook design for 8-Tx for full-coherent case
· Option 1: Reuse DL Type-I 8-Tx codebook. 
· DL Type-I 8-Tx codebook scheme provides rank 1-8 codebook, e.g., the table 1 [3] shows rank-8 codebook. 
· Whether all or subset of the DL Type-I 8-Tx codebook is used for UL can be further studied, e.g., candidate values of N1, N2, O1, O2, i1,1, i1,2, i1,3, i2, codebookMode, etc..
· How to indicate such codebook for UL can be further studied, a uniform codebook scheme for full coherent and partial coherent is preferred.
Table 1: Codebook for 8-layer CSI reporting using antenna ports 3000 to 2999+PCSI-RS
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where .



· Option 2: Reuse UL 4-Tx TPMI for full coherent, with an additional phase offset. 
· 

UL 4-Tx codebook scheme provides rank 1/2/3/4 4-port codebook, which can be enhanced to rank 2/4/6/8 8-port codebook by using an additional phase offset . Then rank 1-8 8-port codebook can be determined as a subset of the collums, e.g., the first R (rank value) columns. E.g. W0 is a rank-4 4-port full coherent codebook, which can be extended to rank 8 8-port codebook , shown as below.


 
· Compared with option 1, performance and overhead may need be evaluated.
· How to indicate such codebook for UL can be further studied, a uniform codebook scheme for full coherent and partial coherent is preferred.
In addition, rank indication in DL scheme is independent from vector(s) indication, but is jointly indicated with TPMI in legacy UL scheme. It should also be further considered in Rel-18 UL MIMO.

UL codebook design for 8-Tx for partial-coherent
Generally speaking, there are two schemes to design partial coherent codebook: 
· Scheme 1: 8-port full coherent codebook indication + puncture pattern indication (indicating zero elements in a matrix)
· Scheme 2: Multiple port groups, with common or separate precoding information indication
For scheme 1, puncture pattern indication provides a same size of matrix with element 1 and 0, as size of a corresponding 8-port full coherent codebook. E.g. shown as following, a partial coherent matrix is determined by a rank 1 8-port full coherent matrix and a pattern matrix. Puncture pattern indication should be carefully designed for this scheme. 


For scheme 2, 8 ports can be divided into multiple port groups to support partial coherent, where ports included in a port group are coherent, and ports cross port groups are non coherent. Whether multiple port groups can share a spatial vector in precoding matrix may further depend on antenna/panel layout assumption on UE. An example is shown in Figure 5, 
· In Figure 5(a), two port groups have the same direction, e.g., same analog beam and same spatial vector for digital precoding, like a common spatial vector for multi-panel in DL type I codebook. This case can be also seen as a fallback use case of 8-Tx full coherent case. A common spatial vector(s) indication + joint rank indication for one or more port groups can be considered. For example, 
· For full coherent which corresponds to one 8-port group, joint indication indicates one rank value, the spatial vector is a 8-D vector; 
· For partial coherent  which corresponds to two 4-port groups, joint indication indicates two rank values, and the spacial vector is a 4-D vector; 
· For partial coherent which corresponds to four 2-port groups, joint indication indicates four rank values, and the spacial vector is a 2-D vector.
· For 4-D or 2-D vector: reuse DL type I 4-Tx/2-Tx codebook, or UL 4-Tx/2-Tx TPMI.
· In Figure 5(b) two port groups can share the same analog beam, but have low coherence, and may have separate spatial vectors for digital precoding. Such UE may only support at most partial coherent codebook. In this case, the following indication scheme can be considered: (1) joint rank indication for one or more port groups + multiple spatial vector(s) indication each for a port group; (2) for each port group a joint indication for spatial vector(s) and rank value, like precoding information and number of layers field; (3) 8-D vector/matrix + pattern indicating zero-power elements in the matrix; or (4) predefined entries for partial coherent codebook indication as well as predefined entries for full coherent codebook indication. 
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(a)													(b)
Figure 5 partial coherent cases with same or different spatial vector
Proposal 6: Antenna layout assumption for partial coherent codebook should be determined before codebook design. 
Proposal 7: Regarding 8-Tx full coherent codebook design, the following schemes can be considered
· Scheme 1: reusing DL type I 8Tx codebook scheme 
· Scheme 2: UL 4Tx codebook + additional phase(s)
Proposal 8: Regarding 8-Tx partial coherent codebook design, the following schemes can be considered
· Scheme 1: 8-port full coherent codebook indication + puncture pattern indication (indicating zero-power elements in a matrix)
· Scheme 2: Multiple port groups, with common or separate precoding information indication

2.3.2 Non-codebook based transmission
For non-codebook based transmission to support up to 8-Tx, the number of SRS resources in an SRS set can be enhanced to 8. That would cause an 8-bit overhead of SRI field in DCI. In reality, so much flexibility may not necessary. It may be possible to design SRI values with a lower overhead and can meet typical requirement, e.g., considering 8-Tx with more than one panel, like multiple panels/ port groups in codebook based transmission. 
For example, assuming a UE equipped with two 4-port panels corresponding to 2 port groups, for a certain rank value R for each port group, there is no need to support all possible combinations, and only the best R ports (SRS resources) according to measurement of UE is enough.
Proposal 9: Regarding non codebook based transmission design for 8-Tx, 
· The number of SRS resources in an SRS set can be up to 8
· Potential optimization for SRI re-design considering DCI overhead, e.g., 8 bits or less

2.3.3 CW-to-layer mapping enhancement
As mentioned above, anyway 2 CWs need to be supported for >4 layers. And it is also a reasonable requirement to support 2 CWs for multiple panel simultaneous transmission. As for 2~4 layers, 2 CWs provide more flexibility which can benefit for alleviating performance loss due to large difference among layers in reality, details can be found in [4]. Besides, in our companion contribution [5], we also provide some simulation results for multi-panel UL transmission, and based on that, we can observe significant performance by introducing two CWs for up to 4 layers transmission compared with legacy.
To support 2 CWs for UL transmission, we identified some potential spec impacts, such as sequence generator seed for scrambling, codeword-to-layer mapping, DCI format to support 2 CWs (for second TB: MCS, NDI, RV), and determining code rate, TB size when UCI is transmitted on PUSCH, etc.. 
Proposal 10: Regarding CW-to-layer mapping, support up to 2 CWs for UL 8-Tx transmission, and then further study the following aspects:
· Scrambling, layer mapping, and DCI format to support second TB 
· Code rate and TB size when UCI is transmitted on PUSCH

2.3.4 Full power enhancement
For full power transmission, we have the following analysis:
· Regarding full power mode 1, candidate codebook set can be larger than original partial coherent or non coherent codebook set. Spec impact may be to determine a subset of full coherent codebook for UE supporting partial coherent or non coherent capability for full power mode 1.
· Regarding to full power mode 2, partial coherent or non coherent UE need to report which TPMI/precoding information index can support full power. Since the total number of TPMI/precoding information index can be very large, e.g., >1000, it may need to re-design report format for full power mode 2, instead of reusing legacy mechanism, i.e., reporting an index indicating a predefined TPMI group which supports full power. Directly reporting a port combination which can support full power may be more realistic for 8-Tx UL. 

3 Conclusion
In this contribution, we provide our initial views on Rel-18 UL MIMO. Observations and proposals are listed as follows.
Observation 1: Regarding 8 Tx-UL operation, from the evaluation results, it can be observed that:
· Increase number of UL Tx(s) can bring significant performance benefit.
· Increase number of layers from 4 to 8 can bring higher performance gain to maximize benefits by introducing 8-Tx UL operation, especially for 95%-ile UE. 
Proposal 1: Regarding 8 Tx-UL operation in Rel-18, support 8-TX and more than 4 layers UL transmission.
Proposal 2: Both codebook based and non-codebook based UL transmission should be supported in Rel-18 for UL MIMO. 
Proposal 3: Full coherent and partial coherent capabilities should be supported, and non coherent capability can be precluded or deprioritized in Rel-18 for UL MIMO. 
Proposal 4: On 8-Tx UL transmission enhancement, 2 CWs for UL transmission should be supported. 
· Condition of enabling >1 CWs for UL transmission can be further studied in RAN1, e.g., if the number of TX(s) and the number of UL layers exceed threshold(s).
Proposal 5: The legacy full power mode 1 and 2 should be supported in Rel-18 for UL MIMO, but details can be discussed after codebook design is clear. 
Proposal 6: Antenna layout assumption for partial coherent codebook should be determined before codebook design. 
Proposal 7: Regarding 8-Tx full coherent codebook design, the following schemes can be considered
· Scheme 1: reusing DL type I 8Tx codebook scheme 
· Scheme 2: UL 4Tx codebook + additional phase
Proposal 8: Regarding 8-Tx partial coherent codebook design, the following schemes can be considered
· Scheme 1: 8-port full coherent codebook indication + puncture pattern indication (indicating zero-power elements in a matrix)
· Scheme 2: Multiple port groups, with common or separate precoding information indication
Proposal 9: Regarding non codebook based transmission design for 8-Tx, 
· The number of SRS resources in an SRS set can be up to 8
· Potential optimization for SRI re-design considering DCI overhead, e.g., 8 bits or less
Proposal 10: Regarding CW-to-layer mapping, support up to 2 CWs for UL 8-Tx transmission, and then further study the following aspects:
· Scrambling, layer mapping, and DCI format to support second TB 
· Code rate and TB size when UCI is transmitted on PUSCH
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5 Appendix
Table 2 SLS simulation parameters for 8-Tx UL operation
	Parameter
	Value

	Carrier Frequency
	3.5GHz

	Bandwidth
	20MHz

	SCS
	30kHz

	Network Layout
	UMi in TR 38.901

	BS antenna configuration
	 (M, N, P, Mg, Ng; Mp, Np) = (4,4,2,1,1; 4,4). (dH,dV) = (0.5, 0.8)λ

	UE antenna configuration
	8Tx: (M, N, P, Mg, Ng; Mp, Np) = (2,2,2,1,1; 2,2). (dH,dV) = (0.5, 0.5)λ
[bookmark: _GoBack]4Tx: (M, N, P, Mg, Ng; Mp, Np) = (2,1,2,1,1; 2,1). (dH,dV) = (0.5, 0.5)λ

	Scheduling
	Subband PF

	Traffic model
	Full buffer

	ISD
	200

	Number of average UE per cell
	10

	RB Number
	50

	Max UE power
	31dBm

	UL power control
	Open loop TPC

	power control parameter
	P0 = -50, Alpha = 0.8

	Modulation
	Up to 64QAM

	Layer mapping
	1st CW@RANK1-4, 2nd CW@RANK5-8


Note: some more details can be found in our companion contribution [2].
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