[bookmark: OLE_LINK1][bookmark: OLE_LINK2]3GPP TSG RAN WG1 #97	   			                 R1-1906734
Reno, USA, 13th – 17th May, 2019
Agenda item: 7.2.8.5.
Source: LG Electronics
Title: Evaluation results on (L, p) setting for Rel-16 Type II CSI
Document for: Discussion and Decision
1. Introduction
In RAN1#96b meeting, following agreement regarding (L, p) parameter setting for Rel-16 Type II CSI is captured in the chairman’s note as:
Agreement
 On RI=3-4 extension:
· (L,p) setting: In RAN1#97 (Reno), down select and decide from the following alternatives: 
· Alt2B, Alt3C, Alt6E (see Table 9 from R1-1905629)


In this contribution, we provide our evaluation results for (L, p) parameters and select the setting among above alternatives to support RI=3-4 extension in Rel-16 Type II CSI.
1 Parameter settings to RI=3 and 4
In RAN1#96b, three alternatives for the higher-layer setting of SD/FD basis parameters (L, p) are down-selected in order to design Rel-16 Type II CSI framework to RI=3-4 efficiently while the total payload for RI=3-4 should be comparable to that of RI=2.
For above alternatives with the fixed SD basis parameter L, it is noted that FD basis parameter p can be set and/or configured to RI-common or RI-specific. Moreover, it is also possible to consider layer-common of layer-/layer-group-specific parameter setting for a given RI as shown in Table 1 as:
[image: ]
Table 1. Down-selected alternatives (Alt2B, Alt3C and Alt6E) for (L, p) parameter setting
For example, Alt2B applies a common parameters (L, p) for a given RI value, but it has the different p values for layer 2 and 3. Here, the parameters L and p affect the number of SD and FD basis, respectively, and  determines the max number of non-zero coefficients per layer. Therefore, the parameters (L, p,  are the main factors for determining the payload for CSI feedback. To further investigate the impact on SD/FD basis parameters, we only consider the value of  as 1/2 and 1/4.
The main point is that the parameter setting with RI-common and layer-/layer-group-specific allows a small amount of implementation impact and leads the performance enhancement in terms of performance-overhead trade off, which is depicted in Figure 1 as:
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Figure 1. Average UPT vs. overhead trade-off for various parameter setting (L, p)

Figure 1 presents the average UPT with various parameter setting schemes. It is assumed that 16-port CSI-RS and medium traffic load. Also, each UE is equipped with 4 Rx antenna ports and maximum rank 4 transmission is considered. Note that Table 2 lists the parameter setting for the evaluation. To compute M = {6, 5, 3, 2} for Alt3C and Alt6E, the parameter p is chosen as {4/9, 3/9, 2/9, 1/9}, respectively. Also, beam indicating method such as independent DFT beam selection in FD for layer-specific manner is taken into account. Other simulation assumptions are listed in Annex. 
In this plot, we can observe that layer-/layer-group-specific parameter setting for p contributes to improving performance-overhead trade-off compared to that of Alt1 which adopts the parameters with a RI-/layer-common manner (vs. Alt1). For Alt3C adopting RI-specific to RI=3-4 and layer-common p setting, the performance is degraded compared to that of Alt2B since the number of FD basis of layer 0-1 to RI=3-4 is set to (Alt2B vs. Alt3C). Hence, by combining RI-common and layer-group-specific configuration, Alt.2B performs well with quite reduced feedback payload (Alt2B). Note that, for Alt6E, it is difficult to optimize the parameters on the various channel environment and leads high UE implemental complexity while this parameter setting has a flexibility to configure p parameters for all layers to RI=3-4.
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Table 2. Parameter setting (L, p) for schemes in Figure 1

Observation 1. As shown in Figure 1, layer-/layer-group-specific parameter setting for p contributes to improving performance-overhead trade-off compared to that of Alt1.
Observation 2. For Alt3C adopting RI-specific to RI=3-4 and layer-common p setting, the performance is degraded compared to that of Alt2B since the number of FD basis of layer 0-1 to RI=3-4 is set to.
[bookmark: _GoBack]Observation 3. With RI-common and layer-group-specific configuration, Alt.2B shows the best performance-overhead trade-off.


2. Conclusion
In this contribution, we discuss the (L, p) parameters for Rel-16 Type II CSI in order to efficiently support MU-MIMO to RI=3-4. Based on the discussion above, we have following observations as: 

Observation 1. As shown in Figure 1, layer-/layer-group-specific parameter setting for p contributes to improving performance-overhead trade-off compared to that of Alt1.
Observation 2. For Alt3C adopting RI-specific to RI=3-4 and layer-common p setting, the performance is degraded compared to that of Alt2B since the number of FD basis of layer 0-1 to RI=3-4 is set to.
Observation 3. With RI-common and layer-group-specific configuration, Alt.2B shows the best performance-overhead trade-off.

Annex
Table A-1. Simulation assumptions 
	Parameters
	Value

	Scenarios 
	Dense Urban (4GHz with 15kHz SCS), ISD=200m

	BS Tx Power
	41 dBm 

	BS antenna configurations 
(M,N,P,Mg,Ng,Mp,Np)
	Dense Urban: 16ports=(8,4,2,1,1,2,4), (dH,dV) = (0.5, 0.8)λ
32ports=(8,8,2,1,1,2,8), (dH,dV) = (0.5, 0.8)λ

	MS antenna configurations 
	2 Rx/4 Rx X-pol (0/+90), 

	Etilt angle 
	102 degree 

	System bandwidth 
	10MHz (52RBs), SB size = 4RBs 

	UE attachment 
	Based on RSRP 

	Duplex
	FDD

	UE speed
	3km/h for indoor, 30km/h for outdoor 

	Traffic model 
	FTP Model 1 with packet size 0.5 Mbytes (medium ~50% RU)

	Receiver
	Non-ideal channel estimation and interference modeling
LMMSE-IRC receiver

	Hybrid ARQ 
	Maximum 4 transmissions 

	Feedback
	CQI, PMI and RI reporting triggered per 5ms
Feedback delay is 5 ms

	Transmission scheme
	MU-MIMO with rank adaptation 

	Wrapping method
	Geographical distance based

	Metrics
	Average UE throughput, 5% UE throughput vs. feedback overhead

	Overhead
	PDCCH (2 symbols), TRS (20ms period), DMRS Type 2, NZP CSI-RS for CM, ZP CSI-RS (4Port) for IM, 1 SSB / 20ms
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