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1. Introduction
Two CSI types are supported in NR
· Type I CSI – CSI feedback with normal spatial resolution
· Type II CSI – CSI feedback with higher spatial resolution
In the UE feature list from the previous meeting [1], RAN1 recommendation on the basic CSI feedback was to consider Type I CSI as mandatory feature at least for some codebook configurations and number of CSI-RS ports. In this contribution we discuss the UE capability signalling for Type II CSI. 
2. Discussion
The general principle of CSI feedback is to provide information about DL spatial channel and channel conditions from the UE to gNB. However, the spatial channel feedback from the UE is not always needed. For TTD systems DL spatial channel information can be derived from UL reference signals due to reciprocity of UL and DL channels. The accuracy of channel information in case of reciprocity-based precoding is higher than the accuracy of spatial channel feedback of Type II CSI even considering the configuration with the highest supported number of feedback bits. The above statement is justified by the system level simulations in UMa scenario [2] with 32 antenna ports at the BS, MU-MIMO transmission and full buffer traffic. The evaluation results are presented in the below table.
Table 1. Comparison of Type II CSI and Reciprocity-based precoding
	
	Type II CSI
	Reciprocity-based

	UE Spectral Efficiency, b/s/Hz
	Average
	1.310 (0%)
	1.505 (15%)

	
	5% of CDF
	0.508 (0%)
	0.569 (12%)

	
	50% of CDF
	1.138 (0%)
	1.301 (14%)

	
	95% of CDF
	2.683 (0%)
	2.971 (11%)



Observation 1: Reciprocity-based precoding achieves better performance comparing to Type II CSI
For FDD systems full reciprocity of UL and DL channels cannot be achieved, hence, efficient mechanism to transmit DL spatial channel information on UL channel is required. Two CSI feedback types are supported in NR for that purpose: Type I CSI and Type II CSI. Type II CSI have improved accuracy of CSI feedback comparing to Type I CSI at the cost of higher UL overhead. Besides the tradeoff between accuracy of CSI feedback and UL overhead there is one more thing to consider, which is UE implementation complexity and complexity of CSI computation. 
The design of both Type I and Type II codebooks is based on the DFT beams. The main difference is the number of beams used for construction of precoding vector for one spatial layer. Type I codebooks are limited to selection of one beam while Type II supports selection and linear combining of multiple beams. The complexity of PMI search for both CSI Types depends on the actual PMI search algorithm. In one of the contributions from the previous meeting [3] the analysis on the complexity of PMI search is provided for Type I and Type II CSI. In the provided example of PMI search algorithm the W1 search for Type I CSI is done jointly for beams and polarization co-phasing factors, so the complexity of Type I CSI in the provided example is higher comparing to Type II. However, in practical system search of the best beam can be implemented separately from the search of polarization co-phasing factor. Considering the above, the computation complexity can be decreased by ~8 times for the particular example provided in [3]. So, the computational complexity of Type I is comparable to Type II CSI.
Observation 2: The computational complexity of Type I PMI search is comparable to the computational complexity of Type II PMI search
[bookmark: _GoBack]Since the CSI feedback is a basic operation which is performed rather frequently, in order to increase the UE efficiency (power consumption, processing delay, etc.) the CSI computation is implemented in a separate hardware block. The PMI search algorithm for Type I CSI is quite different from the PMI search algorithm for Type II CSI (e.g., [3]), at least one new operation should be implemented to support Type II which is SVD decomposition. Hence, the implementation of both CSI types leads to increased die area of UE modem. Considering that the functionality of Type I and Type II CSI feedback is similar, duplication of hardware blocks is not desirable.
Observation 3: Implementation of Type II CSI in addition to Type I CSI leads to increased UE complexity and requires additional hardware block, while the functionality of Type I and Type II CSI is similar
Considering the above observation, we propose to consider Type II CSI as optional feature in NR. 
Proposal:  Consider Type II CSI as optional feature in NR
3. Conclusion
Based on the discussion and evaluation results presented in this contribution, the following observations were made.
Observation 1: Reciprocity-based precoding achieves better performance comparing to Type II CSI
Observation 2: The computational complexity of Type I PMI search is comparable to the computational complexity of Type II PMI search
Observation 3: Implementation of Type II CSI in addition to Type I CSI leads to increased UE complexity and requires additional hardware block while the functionality of Type I and Type II CSI is similar
Based on the above observations the following proposal was made.
Proposal:  Consider Type II CSI as optional feature in NR
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