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Introduction
In RAN1#90bis, the following agreements about codebook-based UL transmission were made.
	Agreement:
· For 4 Tx with wideband TPMI, use at least single stage DCI
FFS for 2 stage DCI
· For wideband TPMI, for NR 4 Tx codebook for CP-OFDM, downselect one of:
Alt 1: Rel-10 UL, possibly with additional entries: 
Alt 2: Rel-15 DL, possibly with additional entries: 
Alt 3: Rel-8 DL, possibly with additional entries
· Evaluate performance of candidate codebooks & decide by RAN1#91

Agreement:
NR supports 3 levels of UE capability for UL MIMO transmission 
· Full coherence
All ports can be transmitted coherently
· Partial coherence
Port pairs can be transmitted coherently
· Non-coherence
No port pairs can be transmitted coherently
TPMI codewords from the codebook are used by gNB accordingly



In this contribution, additional simulation results for codebook based UL transmission are provided. Samsung’s views about codebook based UL transmission are provided in the companion contribution [2].       
Simulation results for 4-Tx codebook
1 
2 
Pre-coder scaling factor
In Evaluation 1, the system-level evaluation for the pre-coder scaling factor in the proposed 4-Tx UL codebook in [2] for CP-OFDM and WB TPMI is provided (the proposed codebook is summarized in Table 2). The dynamic rank 1-2 switch is considered in this evaluation. The proposed scaling is Scaling = 1 in Table 1 below. For comparison, two additional scaling (0 and 2) are also considered in this evaluation, and they are also summarized in Table 1. The relevant simulation parameters are enlisted in Table 3. The following codebooks are compared.
· Non-coherence: the codebook comprises only non-coherent pre-coders and is according to the non-coherence column in Table 2. This codebook is considered as reference in this evaluation. 
· Partial-coherence: the codebook comprises only partial-coherent pre-coders and is according to the partial-coherence column in Table 2.
· Alt 2: The proposed codebook (Table 2).  
The results are provided in Figure 1 for rank 1 only case and in Figure 2 for dynamic rank 1-2 switch. Note that for rank 1 only, Scaling = 0 and 2 are identical, hence results for Scaling = 0 and 1 are shown. 

Observation: 
· For rank 1 only, Scaling = 0 and 2 are worse in performance than the proposed Scaling = 1.
· For rank 1-2 switch, Scaling = 0 is the worst in performance, and Scaling = 1 and 2 are comparable.

Proposal: Support Scaling = 1 in the proposed 4-Tx UL codebook for CP-OFDM and WB TPMI

[bookmark: _Ref498637113]Table 1: Pre-coder scaling factor for evaluation, where 
	Scaling
	Full coherence
	Partial coherence
	Non-coherence
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	2 (R = 1)
	
	
	

	2 (R > 1)
	
	
	



[bookmark: _Ref498539108]Table 2: 4-Tx UL codebook for WB TPMI and CP-OFDM
	Rank
	Full coherence (TPMI)
	Partial coherence 
(TPMI)
	Non-coherence 
(TPMI)
	Total

	1
	{i1,1 = 0, 2, 4, 6},
i1,2 = 0,
{i2 = 0, 1, 2, 3}

(0 – 15)
	LTE, 8 pre-coders

(16 – 23)
	4 non-coherent pre-coders in codebook for DFT-S-OFDM

(24 – 27)
	28

	2
	{i1,1 = 0, 2, 4, 6},
i1,2 = i1,3 = 0,
{i2 = 0, 1}

(0 – 7)
	LTE, 16 pre-coders

(8 – 23)
	



(24 – 29)
	30

	3
	{i1,1 = 0, 1, 2, 3},
i1,2 = i1,3 = 0,
{i2 = 0, 1}

(0 – 7)
	LTE, 12 pre-coders

(8 – 19)
	



(20 – 23)
	24

	4
	{i1,1 = 0, 1, 2, 3},
i1,2 = i1,3 = 0,
i2 = 0

(0 – 3)
	

(4 – 5)
	LTE, 1 pre-coder

(6)
	7

	where
·  rank-1 pre-coder with the TPMI index m
· (i1,1, i1,2, i1,3, i2) = PMI indices for NR Type I single panel codebook, CodebookMode = 1 (L = 1)




[bookmark: _Ref498680602]Figure 1: Performance comparison of different pre-coder scaling factors for rank 1 only


[bookmark: _Ref498637453]Figure 2: Performance comparison of different pre-coder scaling factors for rank 1-2 switch

Frequency selective pre-coding using 8 SRS ports
[bookmark: _GoBack]In Evaluation 2, the system-level evaluation of the frequency-selective precoding scheme for 8 SRS ports is provided. The non-full-buffer system-level evaluation is carried out in medium (50% target RU) traffic loading scenario and SU-MIMO with proportional fair scheduling is considered. The relevant simulation parameters are enlisted in Table 3. The NR DL Type I 8-Tx codebook with L = 1 is considered as the UL codebook for SB TPMI indication. The performance gain vs. overhead (total number of TPMI bits) of frequency-selective pre-coding with different values of the number (N) of TPMIs is provided, where the overhead is calculated for rank 1 TPMI since it requires the most number of bits. The simulation results are shown in Figure 3 through Figure 4. As reference, LTE-like WB TPMI (N = 1) is considered. Also, to compare 4-Tx and 8-Tx in UL, the performance gain of 8-Tx over 4-Tx is shown Figure 5, where NR DL Type I codebook with L = 1 is considered for both.
Observation: 
· Significant performance gain is observed with frequency-selective precoding using 8 SRS ports and N = 8 TPMIs: up to 15% and up to 105% additional gain in avg. and 5% UPT when compared with frequency non-selective pre-coding (N = 1 TPMI) 
· The performance gain of 8-Tx over 4-Tx in UL is ~10-11% in avg. UPT and ~93-154% in 5% UPT, respectively.
Proposal: Support 8 SRS ports for codebook based UL transmission

	


[bookmark: _Ref485119830]Figure 3: Performance

[bookmark: _Ref490062654]Figure 4: Overhead (total #bits)



[bookmark: _Ref482822628]Figure 5: Performance gain of 8Tx over 4Tx in UL

Reciprocity based UL transmission (cf. Section 6 of [2])

In Evaluation 3, the system-level evaluation of the UE-centric gNB-aided scheme explained in Section 6 of [2] is provided. The relevant simulation parameters are enlisted in Table 3. For 4-Tx, LTE UL 4-Tx codebook is considered as reference and the performance is compared with LTE DL Rel. 8 4-Tx and LTE DL Rel. 12 4-Tx codebooks. For 8-Tx, LTE Rel. 10 codebook is considered as reference. For these codebooks, the simulation results are provided for the following cases: 
· (Config 1) TPMI indicates a WB pre-coder for UL transmission. 
· (Config 2) TPMI indicates a WB beam group comprising of 4 DFT beams in the Type I W1 codebook (for L = 4) [5] and the UE performs the linear combination of the 4 beams to determine the pre-coder for UL transmission (relying on DL CSI-RS). 
· DL-UL channel reciprocity is assumed. Impairments due to CSI-RS measurement at the UE are taken into account. 
The simulation results are shown in Figure 6 and Figure 7 for 4-Tx and in Figure 8 and Figure 9 for 8-Tx. The following observation can be made:
Observation: 
· For 4-Tx and Config 1 (TPMI indicates a pre-coder), the dual-stage codebook shows ~4-6% and ~38-51% gain in avg. and 5% UPT respectively when compared with LTE UL codebook.
· For both 4-Tx and 8-Tx, Config 2 (TPMI indicates a pre-coder/beam group) exhibits significant performance gain over Config 1; ~19-27% and ~222-484% gain in avg. and 5% UPT respectively.



[bookmark: _Ref490062225]Figure 6: 4Tx, Rank 1

[bookmark: _Ref481707479]Figure 7: 4Tx, Rank 2


[bookmark: _Ref481707481]Figure 8: 8Tx, Rank 1

[bookmark: _Ref481707483]Figure 9: 8Tx, Rank 2
1. 

4 
[bookmark: _Ref446598642]Conclusions
In this contribution, additional simulation results for codebook based UL transmission are provided. The observations and proposals made are summarized as follows. 
Observations:
· For rank 1 only, Scaling = 0 and 2 are worse in performance than the proposed Scaling = 1.
· For rank 1-2 switch, Scaling = 0 is the worst in performance, and Scaling = 1 and 2 are comparable.
· Significant performance gain is observed with frequency-selective precoding using 8 SRS ports and N = 8 TPMIs: up to 15% and up to 105% additional gain in avg. and 5% UPT when compared with frequency non-selective pre-coding (N = 1 TPMI) 
· The performance gain of 8-Tx over 4-Tx in UL is ~10-11% in avg. UPT and ~93-154% in 5% UPT, respectively.
· For 4-Tx and Config 1 (TPMI indicates a pre-coder), the dual-stage codebook shows ~4-6% and ~38-51% gain in avg. and 5% UPT respectively when compared with LTE UL codebook.
· For both 4-Tx and 8-Tx, Config 2 (TPMI indicates a pre-coder/beam group) exhibits significant performance gain over Config 1; ~19-27% and ~222-484% gain in avg. and 5% UPT respectively.
Proposals:
· Support Scaling = 1 in the proposed 4-Tx UL codebook for CP-OFDM and WB TPMI
· Support 8 SRS ports for codebook based UL transmission
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[bookmark: _Ref427254851][bookmark: _Ref458526226]Table 3: Simulation Parameters
	Parameters
	Values

	
	Evaluation 1,2
	Evaluation 3

	Simulation Type
	Non-full-buffer (Medium load 50% Target RU), 100kbytes packet size
	Non-full-buffer (Medium load 50% Target RU) , 100kbytes packet size

	Channel model
	UMi-4GHz, 120 downtilt

	Number of BS (H,V) antenna elements
	(2,2), x-polarized, subarray partition, 2x1 virtualization
	(4,4), x-polarized, subarray partition, 4x1 virtualization

	gNB: (N1,N2, P)
	2 ports: (2,1,2)
	4 ports: (2,1,2)

	gNB (H,V) antenna spacing
	(0.5, 0.8)λ

	BS and MS antenna polarizations
	BS: (+45°,-45°); MS: (0°, 90°)

	UE Tx power
	23 dBm

	UE: (N1,N2, P)
	4, 8 ports: (2,1,2), (4,1,2)

	UE (H, V) antenna spacing
	(0.5, -)λ

	SU pre-coding
	Conjugate beamforming

	Scheduling
	SU, Proportional fair

	Channel estimation
	Non-ideal

	Transmission rank
	1,2

	Receiver
	MMSE-IRC



Non-coh., scaling = 0	
Avg. UPT	50% UPT	1	1	Partial-coh., scaling = 0	
Avg. UPT	50% UPT	1.247314394843638	1.2376150035385705	Proposed CB in [2], scaling = 0	
Avg. UPT	50% UPT	1.4490331821437097	1.5987850908233074	Non-coh., scaling = 1	
Avg. UPT	50% UPT	1.3326330866555263	1.3782142014626091	Partial-coh., scaling = 1	
Avg. UPT	50% UPT	1.4411554070183814	1.6081623024298184	Proposed CB in [2], scaling = 1	
Avg. UPT	50% UPT	1.4661733110527573	1.6773413540929465	Non-coh., scaling = 2	
Avg. UPT	50% UPT	1.391262831224636	1.4610167492333097	Partial-coh., scaling = 2	
Avg. UPT	50% UPT	1.455812843160659	1.614767633875914	Proposed CB in [2], scaling = 2	
Avg. UPT	50% UPT	1.4673669133444738	1.6904340646378864	



Non-coh., scaling = 0	
5% UPT	1	Partial-coh., scaling = 0	
5% UPT	5.6	Proposal 1, scaling = 0	
5% UPT	27.74285714285714	Non-coh., scaling = 1	
5% UPT	16.657142857142855	Partial-coh., scaling = 1	
5% UPT	15.342857142857142	Proposal 1, scaling = 1	
5% UPT	27.11428571428571	Non-coh., scaling = 2	
5% UPT	20.999999999999996	Partial-coh., scaling = 2	
5% UPT	20.857142857142854	Proposal 1, scaling = 2	
5% UPT	26.4	


NR Type I 8Tx CB, L = 1

N = 1	
Avg. UPT	5% UPT	1	1	N = 2	
Avg. UPT	5% UPT	0.99950821284548041	1.0027075812274366	N = 4	
Avg. UPT	5% UPT	1.0611783220222286	1.3411552346570397	N = 6	
Avg. UPT	5% UPT	1.1168158421035375	1.6805054151624548	N = 8	
Avg. UPT	5% UPT	1.1536998786925019	2.0496389891696749	


NR Type I 8Tx CB, L = 1

N = 1	
Payload	6	N = 2	
Payload	8	N = 4	
Payload	12	N = 6	
Payload	16	N = 8	
Payload	20	


N = 1, 4-Tx	


Avg. UPT	5% UPT	1	1	N = 1, 8-Tx	
Avg. UPT	5% UPT	1.1108642604800234	1.9472759226713532	N = 2, 4-Tx	
Avg. UPT	5% UPT	1	1	N = 2, 8-Tx	
Avg. UPT	5% UPT	1.1099945385035499	1.9288194444444442	N = 4, 4-Tx	
Avg. UPT	5% UPT	1	1	N = 4, 8-Tx	
Avg. UPT	5% UPT	1.1047888862340853	2.0812324929971986	N = 6, 4-Tx	
Avg. UPT	5% UPT	1	1	N = 6, 8-Tx	
Avg. UPT	5% UPT	1.1019312263449035	2.2902829028290284	N = 8, 4-Tx	
Avg. UPT	5% UPT	1	1	N = 8, 8-Tx	
Avg. UPT	5% UPT	1.0994844555538197	2.5431131019036952	



LTE UL CB	
Avg. UPT	50% UPT	5% UPT	1	1	1	LTE Rel 12 DL CB	
Avg. UPT	50% UPT	5% UPT	1.0563164847389279	1.0648758236188547	1.3780068728522339	4 DFT beams+LC	
Avg. UPT	50% UPT	5% UPT	1.2684419105888898	1.4342794390944416	4.8384879725085908	


LTE UL CB	
Avg. UPT	50% UPT	5% UPT	1	1	1	LTE Rel 12 DL CB	
Avg. UPT	50% UPT	5% UPT	1.0415268180322474	1.0508063054901251	1.5110336817653891	4 DFT beams+LC	
Avg. UPT	50% UPT	5% UPT	1.2333991444554129	1.3251676028265991	3.8838559814169571	


LTE Rel 10 CB	
Avg. UPT	50% UPT	5% UPT	1	1	1	4 DFT beams+LC	
Avg. UPT	50% UPT	5% UPT	1.2323019221753397	1.3259098672973328	3.9399999999999995	


LTE Rel 10 CB	
Avg. UPT	50% UPT	5% UPT	1	1	1	4 DFT beams+LC	
Avg. UPT	50% UPT	5% UPT	1.19393857394128	1.2635504724017901	2.2200267916945742	


Non-coh., scaling = 0	
Avg. UPT	50% UPT	1	1	Partial-coh., scaling = 0	
Avg. UPT	50% UPT	1.1424856365285756	1.4158333908006344	Proposed CB in [2], scaling = 0	
Avg. UPT	50% UPT	1.3543392803144843	1.9064202468795255	Non-coh., scaling = 1	
Avg. UPT	50% UPT	1.262654974296946	1.6930556513343906	Partial-coh., scaling = 1	
Avg. UPT	50% UPT	1.2847293619594797	1.7358802841183367	Proposed CB in [2], scaling = 1	
Avg. UPT	50% UPT	1.3551254913819171	1.9057996000275843	



Non-coh., scaling = 0	
5% UPT	1	Partial-coh., scaling = 0	
5% UPT	4.1000000000000005	Proposal 1, scaling = 0	
5% UPT	32.166666666666664	Non-coh., scaling = 1	
5% UPT	19.833333333333332	Partial-coh., scaling = 1	
5% UPT	24.766666666666666	Proposal 1, scaling = 1	
5% UPT	32.299999999999997	


