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Introduction
The following was agreed in RAN1#90bis [1]: 
	Agreements:
· ..
· Down-select one of the following Alts for CQI calculation in RAN1#91
· Alt 1: Subband CQI for each omitted subband is calculated assuming PMI in the nearest subband(s) with Part 2 reporting
· Alt 2: Subband CQI for each omitted subband is calculated assuming PMI in this subband
· …
· For a given bandwidth of the active bandwidth part, a UE can be configured with one out of two subband sizes via higher layer signaling
· The two possible values are described as follows
	Carrier bandwidth part (PRBs)
	Subband Size (PRBs): 
1st value, 2nd value

	24 – 60
	4, [8]

	61 – 100
	8, [16]

	101 – 200
	[12], [24]

	201 – 275
	16, [32] 






This contribution presents our view on the remaining open issues:
· CQI calculation assumption for Type II subband reporting
· Subband sizes within the square brackets
CQI calculation for Type II
1 
2 
The two alternatives for CQI calculation for partial part 2 CSI reported are evaluated. As reference, full part 2 CSI transmission is considered. The relevant simulation parameters are enlisted in Table 2 in appendix. The non-full-buffer system-level evaluation is carried out for UMi channel model in medium (50% target RU) traffic loading scenario and SU-MU switching with proportional fair scheduling is considered. The results are provided for 16 antenna ports with (N1, N2) = (4, 2) where we assume that the first dimension is horizontal and the second dimension is vertical. The simulation results are shown in Figure 1 for three different values (0.1, 0.25, 0.5) for the probability of partial part 2 CSI transmission. Note that partial part 2 probability = 0.5 corresponds to the worst-case scenario. In practice, gNB implementation can estimate RI and corresponding RA, hence reduce the partial part 2 transmission probability. 
Observation: CQI Alt 1 is worse in performance than CQI Alt 2: up to ~1% and up to ~3% additional loss in avg. and 5% UPT, respectively
The reason for the performance loss is the CQI mismatch for the SBs whose part 2 CSI are omitted (not reported). The reported CQIs for the omitted SBs are likely to be different from the actual CQIs which would be reported otherwise (in case of CQI Alt 2 for partial part 2 or full part 2 transmission). We therefore propose the following.
Proposal: Support Alt 2 for CQI calculation, i.e., Subband CQI for each omitted subband is calculated assuming PMI in this subband 
   

[bookmark: _Ref498418410]Figure 1: Performance of two CQI alternatives for partial part 2

Subband size 
3 
4 
In our view, the following guidelines should be considered to determine the two SB size values.
· The 2nd SB size value should reduce the number of SBs significantly compared to the respective 1st value. For example, the 2nd SB size values are integer multiples of their respective 1st values.
· Since the PRG size can be 2 or 4 PRBs, it is desired that the SB size value is a multiple of the PRG size.
The performance evaluation is provided to compare the performance of the SB size values within the parentheses with other candidate values that meet the abovementioned guidelines. In particular, the carrier bandwidth part values and SB sizes shown in Table 1 are evaluated.
[bookmark: _Ref498419843]Table 1: Carrier bandwidth parts and SB size for evaluation
	Carrier bandwidth part (PRBs)
	Subband Size (PRBs):
1st value, 2nd value

	48
	4, [6, 8, 12, 24]

	96
	8, [12, 16, 24, 48]



As reference, SB size 4 and 8 (which are the agreed SB size values) are considered for carrier bandwidth part = 48 and 96, respectively. The rest of the simulation parameters and assumptions remain the same as in evaluation results for CQI calculation (cf. Section 2). The simulation results are shown in Figure 2 and Figure 3 for carrier bandwidth part = 48 and 96, respectively. We can observe the following. 
Observation: Large performance loss when 2nd SB size ≥  1st SB size: 
· >11% and >19% loss in avg. and 5% UPT, respectively for carrier bandwidth part = 48 PRBs
· >7% and >14% loss in avg. and 5% UPT, respectively for carrier bandwidth part = 96 PRBs
Therefore, the 2nd SB size value should be less than  the 1st value. Now, for carrier bandwidth part = 48, there are two 2nd SB size values (6 and 8) that remain. Between the two values, the value 6 is not a multiple of PRG size 4, hence does not meet the guideline on PRG size. Also, the value 6 does not reduce the number of SBs significantly compared to the respective 1st value (which is 4). We therefore propose the 2nd value = 8 in this case. The same argument is applicable to the candidate bandwidth part = 96, and we propose the 2nd value = 16 in this case. One can expect that this trend is also applicable to other values (or range of values) for the carrier bandwidth part. We therefore propose to confirm all SB size values within the square brackets.

[bookmark: _GoBack]Proposal: Confirm the subband size values within the square brackets



[bookmark: _Ref458615598]Figure 2: Performance of different subband size (N) in PRBs


[bookmark: _Ref498419992]Figure 3: Performance of different subband size (N) in PRBs

[bookmark: _Ref446598642]Conclusions
In this contribution, the following proposals are made:
· Support Alt 2 for CQI calculation, i.e., Subband CQI for each omitted subband is calculated assuming PMI in this subband 
· Confirm the subband size values within the square brackets
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[bookmark: _Ref450753651]Table 2: Simulation Parameters
	Parameters
	Simulation 1: partial part 2, CQI 
	Simulation 2: SB size values

	Simulation Type
	Non-full-buffer, medium load, 50% target RU, Lambda = 4 and 5 for carrier bandwidth parts = 48 and 96 PRBs, respectively
	Non-full-buffer, medium load, 50% target RU, Lambda = 4, carrier bandwidth parts = 48

	Channel model
	UMi-4GHz 

	Number of BS (H,V) antenna elements
	(8,8), x-polarized, subarray partition

	(N1,N2, P) 
	16 ports: (4,2,2)

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

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

	Number of UE antennas
	2

	SU/MU pre-coding
	SLNR

	Scheduling
	MU, Proportional fair, up to 4 layers 

	Channel estimation
	Real

	Transmission rank
	1,2

	Receiver 
	MMSE-IRC

	Codebook
	NR Type II CSI codebook with L = 4, SubbandAmplitude = ‘OFF’, 8PSK phase



Carrier bandwidth part = 96 PRBs

N=8	
Avg. UPT	5% UPT	1	1	N=12	
Avg. UPT	5% UPT	0.97797299069096622	0.98151779877577683	N=16	
Avg. UPT	5% UPT	0.9585120530446346	0.92654662150115874	N=24	
Avg. UPT	5% UPT	0.93421865927438241	0.85564865989184036	N=48	
Avg. UPT	5% UPT	0.88282230421997043	0.7531942711119034	


Full part 2	
Avg. UPT	5% UPT	1	1	partial part 2 prob = 0.1, CQI Alt 1	
Avg. UPT	5% UPT	0.98317154678548702	0.97555776609350575	partial part 2 prob = 0.1, CQI Alt 2	
Avg. UPT	5% UPT	0.99256047103755585	0.95722609066363507	partial part 2 prob = 0.25, CQI Alt 1	
Avg. UPT	5% UPT	0.96757638446849148	0.94315759556629242	partial part 2 prob = 0.25, CQI Alt 2	
Avg. UPT	5% UPT	0.97091820496499048	0.96504192127326993	partial part 2 prob = 0.5, CQI Alt 1	
Avg. UPT	5% UPT	0.94899745385105028	0.90819951683956235	partial part 2 prob = 0.5, CQI Alt 2	
Avg. UPT	5% UPT	0.95245862507956713	0.93519965894557344	


Carrier bandwidth part = 48 PRBs

N=4	
Avg. UPT	5% UPT	1	1	N=6	
Avg. UPT	5% UPT	0.96357574494686382	0.97387606318347508	N=8	
Avg. UPT	5% UPT	0.93186080433423624	0.9325637910085055	N=12	
Avg. UPT	5% UPT	0.89126901437799533	0.81758809234507901	N=24	
Avg. UPT	5% UPT	0.78616378412169197	0.58642162818955046	


