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Introduction
[bookmark: _GoBack]In 3GPP RAN1#89 [2], it was agreed to support Spec. transparent transmission scheme for DL transmission scheme 2 as follows:
	Agreements:
· For NR in Rel-15, DL transmission scheme 2 is not explicitly supported for unicast PDSCH in specification 
· Note: CSI feedback assuming open-loop/semi-open-loop and/or closed-loop transmissions is to be discussed separately


In this contribution, we discuss about CSI support for transmission scheme 2 for NR.
Discussions
In order to achieve diversity gain with Spec. transparent transmission, transmission schemes such as small delay CDD and precoder cycling can be considered. For example, gradually changed phases across subcarriers or applying different precoder for each PRG may provide more diversity gain than applying identical precoder to all PRBs which are allocated to a UE. These schemes may also provide relatively easier interference estimation since transmission scheme 1 and 2 share same structure for data transmission. However, Spec. transparent precoder cycling has limitations on performance gain if CSI support based on precoder cycling is not supported. Especially, the achievable diversity gain is low when PRG size is relatively large. In this case, benefits of transparent diversity scheme can be decreased due to large size of precoding granularity and CSI mismatches. Moreover, it should be noted that subband size for PMI and CQI reporting may not be very small (e.g. 1 PRB) since it requires large reporting overhead. In order to evaluate the performance of additional CSI support for transmission scheme 2, system level simulation is conducted and the evaluation results are provided in Figure 1 – Figure 3. 
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Figure 1: 16 ports, 120 kmph, Config 2 	Figure 2: 16 ports, 120 kmph, Config 3 	Figure 3: 16 ports, 120 kmph, Config 4
In our evaluation, non-full-buffer system-level evaluation is carried out for UMa-500m channel model (36.814) in medium (50% target RU) traffic loading scenario. The SU-MIMO rank 1 transmission with SB scheduling (where SB is 4 PRBs) is considered in the simulation. The results are provided for 16 antenna ports with (N1,N2) = (2,4), where we assume that the first dimension is horizontal and the second dimension is vertical. As a reference, transmission scheme 1 based on Rel. 13/14 Class A codebook with Config 2, 3, and 4 is considered. More detailed evaluation assumptions are given in the Annex. As provided in the evaluation result, additional CSI support showed up to 18% gain in 5% UPT. 
Observations: 
· Spec. transparent precoder cycling without additional CSI may provide performance gain, but the gain can be limited when UE supports large size of PRG.
· Such decrease comes from large size of precoding granularity and CSI mismatches. 
· Subband size for PMI and CQI reporting may not be very small (e.g. 1 PRB) since it requires large reporting overhead.
Proposal: 
· Support additional specification support of CSI for transparent diversity scheme. 
In order to maximize benefits of diversity based transmission scheme, following specification support for CSI reporting should be considered:
· Support of partial PMI: For low number of CSI-RS ports (e.g. 2, 4 and 8), approximate directional information is not needed. However, diversity transmission with all possible directions is not appropriate considering supportable number of precoders when UE supports large number of CSI-RS ports (e.g. 16 and 32). In order to narrow down the range of precoder cycling, support of partial PMI should be supported. Additionally, applied precoder assumption should be changed in RE level to provide accurate information and maximize diversity gain. 
· CQI based on PRB level precoder cycling: CQI based on diversity transmission scheme is needed for NR. In LTE, CQI report based on SFBC, large-delay CDD and precoder cycling is supported to achieve accurate CQI which reduces latency for CQI adjustment in outer-loop and achieves more benefits on system performance. 
Observations: 
· While approximate directional information may not be needed for small number of CSI-RS ports, however approximate directional information is beneficial at least for large number of CSI-RS ports (e.g. 16 and 32).
· CQI based diversity transmission is beneficial to reduce CQI adjustment in outer-loop and achieves more benefits on system performance.
Proposals: 
· Support CSI which is optimized to transmission scheme 2. 
· Partial PMI.
· CQI based on PRB level precoder cycling.
Conclusions
In this contribution, additional CSI support for transparent diversity based transmission scheme is discussed. Based on the discussions, the following observations and proposals are provided:

Observations: 
· Spec. transparent precoder cycling without additional CSI may provide performance gain, but the gain can be limited when UE supports large size of PRG.
· Such decrease comes from large size of precoding granularity and CSI mismatches. 
· Subband size for PMI and CQI reporting may not be very small (e.g. 1 PRB) since it requires large reporting overhead.
· While approximate directional information may not be needed for small number of CSI-RS ports, however approximate directional information is beneficial at least for large number of CSI-RS ports (e.g. 16 and 32).
· CQI based diversity transmission is beneficial to reduce CQI adjustment in outer-loop and achieves more benefits on system performance.
Proposals: 
· Support additional specification support of CSI for transparent diversity scheme. 
· Support CSI which is optimized to transmission scheme 2. 
· Partial PMI.
· CQI based on PRB level precoder cycling.
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[bookmark: _Ref450753651]Appendix: Evaluation assumptions
	Parameters
	Values

	Simulation Type
	Non-full-buffer (Medium load 50% Target RU, Lambda = 3)

	Channel model
	UMa-500m (36.814) 

	Number of BS (H,V) antenna elements
	(8,8) for 16 ports and (8,16) for 32 ports, x-polarized, subarray partition

	(N1,N2, P) 
	16 ports: (2,4,2) and 32 ports: (2,8,2)

	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

	UE speed
	3, 120 kmph

	SU/MU pre-coding
	CB

	Scheduling
	SU, Proportional fair, SB scheduling (SB = 4 PRBs) 

	Channel estimation
	Non-ideal

	Transmission rank
	1

	Receiver 
	MMSE-IRC

	Codebook
	Rel. 13 Class A: (O1,O2) = (8,8), Codebook-Config = 2,3,4
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