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Discussion and Decision
1
Introduction
In the RAN1 #89 meeting, there were some agreements on DL transmission scheme 2 based on chairman notes [1]:
	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


Based on agreements, though no explicit diversity based transmission scheme is specified, standard transparent diversity scheme can be considered in the NR. In this contribution, we will analyze the possibile open-loop transmission schemes with standard transparent way and related CSI feedback. 
2
Discussion  
In NR phase 1, at least close-loop transmission scheme will be specified, then one UE can report close-loop CSI including PMI/RI/CQI to support DL transmission. But open-loop based transmission scheme 2 has been agreed. However, in real application, UE will be in the high mobility or placed in quite bad SINR condition, close-loop feedback based on instand CSI is not suitable to support robust transmission in these worst scenarios. On the contrary, gNB should get more CSI information to conduct the effective link adaptation and possible diversity transmission. There are two reasons to motivate it: one is to keep reliable transmission, and second is to utilize real CSI as much as possible. From CSI feedback point of view, partial or long term CSI is useful to help gNB to make reasonable operation in PDSCH transmission. Therefore, in this contribution, we provide the investigation on two aspects, precoding way and CSI feedback under new agreement from RAN1 #89 meeting. 
According to last meeting agreement, no explicit signalling to support transmission scheme 2. Following this agreement, there are two implications:

· Precoding scheme will be transparent to UE, even if some diversity algorithms have been used.
· CQI feedback for open-loop and semi-open-loop can be supported, but not associated with one specific diversity scheme.

Therefore, precoded weighting vector and precoding granularity will be same for DMRS and data RE. Normally, the precoding PRB size will be equal to PRB bundding size. Hence, in order to support open-loop or semi-open-loop transmission in standard transparent way, one possible method is to integrate the open-loop/semi-open-loop transmission with close-loop transmission mode. In the following, we discuss this issue from two aspects, one is how to conduct DL transmission, and second is how to report CSI. 
· Precoding with transparent open-loop/semi-open-loop transmission 
Due to DMRS usage, UE is not aware of actual precoding vector. For close-loop transmission, the precoding vector will be obtained from the reported PMI. In order to keep link adaptation correctness, used PMI is equal to reported PMI at least in SU-MIMO case. If open-loop transmission is applied, used PMI can be predefined, but since no signalling to indicate exact precoding operation, precoding granularity should be equal to PRB bundling size, or to the PRB level if bundling is not applied. Within one RBG, one single PMI is used, in this sense, precoding cycling or other open-loop precoding operation can be applied. For semi-open-loop transmission, precoded codebook can be formulated from the reported beam or long term vector W1. Similarly, as long as precoding granularity is equal to RBG size, it does not matter which transmission operation is used.  
Moreover, if RBG size is large, real precoding cycling gain would be limited. It is also related to scheduled bandwidth. When larger antenna array is used, two polarized sub-arrays can be mapped to same beam or different beam, in this case, beam diversity between two polarizations is still existing, so some diversity gain can be expected. If small delay CDD is used, as long as channel estimation performance is acceptable, this kind of diversity transmission can be considered as one implementation way. But overall diversity gain is not guaranteed, especially due to diverse implementationa in real product, so we can’t expect substantical gain can be achieved from this transparent transmission scheme 2.      

Observation 1: Precoding granularity of transparent open-loop or semi-open-loop transmission should be equal or greater than RBG size if need to keep transparent precoding.
Observation 2: Diversity gain is modest if using transparent DL diversity transmission unless large scheduling bandwidth is used.  
· CSI feedback for supporting open-loop/semi-open-loop transmission  
In the closed-loop transmission, PMI should be matched to instant transmission, and CQI is also relying on selected PMI. For open-loop, PMI is not expected to be reported, similarly, for semi-open-loop transmission, only partial PMI is needed, for instance, long term codebook W1 is needed. Though no explicit transmission scheme 2 is supported, we still need to consider various real use case, such as high speed or very low SINR scenario, or high reliability message protection. From this prospective, robustness feedback should be considered, in other words, gNB should get more CQI information in case of non-ideal or challenging environment.  
Normally, one CQI hypotheses is corresponding to one CQI calculation assumption. In order to address different channel conditions or different traffic requirement, it is expecting UE can report multiple CQI based on different assumptions. The main purpose is to facilitate DL link adaptation, additionaly, matched to different precoding operations. In high speed case, close-loop CSI is not suitable, so we may consider one random PMI selection or PMI averaged based CQI calculation. This is to say, gNB will assume PMI will be out of date and apply one safe CQI based on random PMI selection in RBG basis. This assumption is targeted to one loose semi-open-loop transmission, not limiting gNB precoding implementation, for example, precoding cycling. For the sake of simplicity, certain codebook restriction can be considered. Regarding the specification impact, certain CQI calculation method should be specified, for instance, UE can estimate one wideband CQI with per RBG PMI cycling, which will be included in CQI assumption definition. 
If looking into traditional dual-stage PMI feedback, long term precoding W1 is relatively robust, but short term precoding vector W2 is sensitive to instant channel or interference changes, therefore, one CQI conditioned to long term precoding vector W1 can be considered. For W2 acquistion, it can be randomly selected or cyclingly used for different subbands. The reason behind this consideration is that long term precoding vector can steer DL beam direction to harvest beamforming gain in certain extent, while ignoring short term precoding vector W2 is to avoid instant matching uncertainty between PMI and channel status in high speed case. Actually it doesn’t violate the agreement of last meeting, because reported W1 and CQI don’t mandate gNB implementation as long as transparent procoding is kept. More important, W1 will provide one long beam direction and precoding guidance to instant DL precoding operation. Similarly, the impact to specification needs to be considered, including W1 reporting and CQI calculation.
It should be noted that the PMI averaging is kind of relaxed CSI feedback scheme, which may not be proper to combine with type II feedback or beamformed CSI-RS specific codebook feedback [2] directly. Some restriction should be taken into account to facilitate this combination, such beam limitation or port selection. In open-loop or semi-open-loop transmission, due to its relaxed CSI accuracy requirement, CSI feedback supporting can be taken with one relative simple way. Considering diverse application scenarios, more effective CSI feedback methods can be developed further. In sometime, simple CSI combination using identity matrix as precoding vector is also one candidate.    
Observation 3: Even if no explicit DL transmission scheme 2 is specified in Rel 15, robust transmission is necessary to address the worst scenarios.
Proposal 1: Consider to support RBG level PMI averaging based CQI calculation and reporting to enable robust transmission.
· Other simpler averaging method is not precluded, e.g using identity matrix as precoding vector. 
Proposal 2: Consider to support wideband W1 feedback and related CQI reporting based on W2 cyclically  averaging with RBG basis.
3
Conclusions
In this contribution, we discuss the precoding implementation of transparent DL transmission scheme 2 and possible CSI feedback to support open-loop or semi-open-loop transmission. Based on possible pros and cons, we give the following observations and proposals:    
Observation 1: Precoding granularity of transparent open-loop or semi-open-loop transmission should be equal or greater than RBG size if need to keep transparent precoding.

Observation 2: Diversity gain is modest if using transparent DL diversity transmission unless large scheduling width is used.  

Observation 3: Even if no explicit DL transmission scheme 2 is specified in Rel 15, robust transmission is necessary to address the worst scenarios.
Proposal 1: Consider to support RBG level PMI averaging based CQI calculation and reporting to enable robust transmission.

· Other simpler averaging method is not precluded, e.g using identity matrix as precoding vector. 
Proposal 2: Consider to support wideband W1 feedback and related CQI reporting based on W2 cycling selection with RBG basis.
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