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Discussion and Decision
1
Introduction
In the RAN1 NR AH meeting, there were some agreements on DL transmission scheme 2 based on chairman notes [1]:
	Agreements:
· For Transmission scheme 2, down selection(s) on DMRS based transmission schemes will be done in RAN1#88 at least for rank 1
· For rank 1,

· Precoder cycling with transparent DMRS

· Precoder cycling with non-transparent DMRS
· Small-delay CDD with transparent DMRS

· DMRS based SFBC

· For rank>1, 

· Precoder cycling with transparent DMRS

· Precoder cycling with non-transparent DMRS
· Layer shifting
· Precoder cycling with transparent DMRS and layer shifting
· Small-delay CDD with transparent DMRS

· Large-delay CDD with non-transparent DMRS



In the RAN1 #88 and #88bis meetings, no agreements were possible due to lack of consensus. According to the discussion progress, precoding cycling, SFBC and small delay CDD are three main candidates in the transmission scheme 2. In this contribution we further analyze the pros and cons of different schemes, and give our preference.
2
Discussion  
In this section, we will analyze the potential issues that will impact the performance and technical feasibility of transmission scheme 2 from the following 4 aspects.
· Diversity gain and robustness
When it comes to the diversity gain, if multiple beam or multiple precoding vector within one PDSCH transmission, the diversity gain should be achievable. More specifically, more beams, more gain, also more robustness. In this sense, SFBC and precoding cycling are comparable in diversity gain. Small delay CDD is another diversity scheme, which uses small delay cycling in the different subcarriers. If the delay is smaller, then the diversity gain is limited unless sufficient bandwidth used. In the other hand, if the delay is bigger, it will cause severe frequency selectivity fading, then it may impact channel estimation performance. Hence, it seems the diversity robustness is hard to guarantee for small delay CDD. In case of transparent precoding or non-transparent precoding, obviously, non-transparent precoding can achieve flexible precoding cycling implementation, consequently, the diversity gain is more decent.
Therefore, for the diversity gain and robustness, non-transparent procoding=SFBC>small delay CDD. 
· Implementation complexity and stability
From the implementation aspect, small delay CDD is also not easy to implement, because suitable delay offset is not easy to find for various scenarios. Due to its transparency in the DMRS demodulation operation, gNB from different vendors or different deployment may use arbitrary delay offset. Hence, it will cause implemention uncertainty and complicates RAN4 testing. For SFBC and precoding cycling, implementation complexity is similar. But for transparent precoding, due to one single PMI used for one PRB or one subband, it has least complexity. 
From the implementation prospective, transparent procoding is one optimal selection. 
· CSI Feedback compatibility
Rank adaptation is needed for real transmission, hence, if similar CSI feedback and CQI estimation method are used for different ranks, it would be one desired option. In this technical point, small delay CDD and precoding cycling will be better than SFBC, because no rank 2 SFBC can be used. 
In general transmission implementation, precoding cycling will apply similar CSI feedback or at least overlapped with close-loop precoding, for example, long term precoding vector W1 reporting is used in semi-open loop transmission. In this sense, precoding cycling will possibly share same CSI framework with close-loop precoding, which provides one flexibility for dynamic swiching between close-loop transmission and semi-open-loop transmission. 
Considering CSI feedback compatibility, precoding cyling is one better option.
· Channel estimation and interferene measurement in rank 1 transmission
Channel estimation is related to DMRS port configuration in the tansmission fomat. Small delay CDD will use one DMRS port, potentially it can get good channel estmation performance than two port based scheme like as SBFC or precoding cycling if power difference exists between two ports and one single port. Nertherless, when the delay shift is used for adjacent subcarriers for small CDD, frequency interpolation performance will be degraded due to larger frequency selectivity. 

In case of interference measurement, precoding cyling or SFBC will suffer from rank 2 interference, while small delay CDD will experience rank 1 interference. It possibly makes the mismatching when DMRS is used interference measurement. However, interference measurement method may not rely on one single solution, for example, instant ZP-CSI-RS based interference measurement could be used as well.
For channel estimation and interference measurement, small delay CDD would have some benefits, however, it is not justified with significant performance difference.
Overall, precoding cycling is more desired for the down-selection within TS 2 candidates. If referring to company contribution [2][3], PRB level W1 cycling and RE level W2 cycling is preferred for concrete transmission implementation.  

Proposal: adopt precoding cycling in transmission scheme 2.
3
Conclusions
In this contribution, we give some technical analysis and our preference for transmission scheme 2 downselection. The proposals are as follows:  
Proposal:  Adopt precoding cycling in transmission scheme 2. 
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