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Introduction
Advanced CSI reporting has been introduced as part of Rel-14 eFD-MIMO.  Given that codebook subset restriction is deemed necessary for Class A FD-MIMO reporting, it makes sense to also support codebook subset restriction (CBSR) for advanced CSI. However, whether and how CBSR is used advanced CSI codebook was never formally discussed during Rel-14.  The issue was raised during eFD-MIMO maintenance discussions, leading to a conclusion in RAN1#89:
Conclusion:
· Discuss further whether or not CBSR is supported for advanced CSI
· Companies are encouraged to perform evaluations
· Revisit in next RAN1 meeting
In this contribution, we discuss some possible ways to apply CBSR to advanced CSI, motivating their use with performance results.
[bookmark: _Ref178064866]Discussion
In Rel-13 Class A codebook design for FD-MIMO, three levels of code book subset restrictions were introduced, i.e., CBSR related beams, W2 codewords, and ranks.  The beam level (PMI1) restriction is useful for controlling inter-cell interference levels, particularly in elevation direction under 3D UMi.  Advanced CSI aims for improved resolution of CSI feedback. It is also equally important to be able to control inter-cell interference at the same time. Using beam level CBSR is an effective way to achieve that. 
[bookmark: _Toc478166810]Observation:
· Controlling inter-cell interference is equally important when advanced CSI feedback is configured.
[bookmark: _Toc478159662][bookmark: _Toc478159707][bookmark: _Toc478166806][bookmark: _Toc478166813]Proposal:
· Beam level CBSR is also supported for advanced CSI feedback.
The next question is how to apply beam level CBSR for advanced CSI codebook.   The whole purpose of beam level CBSR is to avoid DL transmissions in certain directions to reduce interference to other cells.  In case of Class A code book, UE shall not use codewords in all ranks containing the beams which are restricted (i.e. not available).  For advanced CSI codebook, each codeword consists of two orthogonal beams , where  is the primary beam with higher power than   There can be two possible UE behaviours:
Option 1:  When any of the two beams  in a codeword is a restricted beam, the codeword is not used in CSI feedback
Option 2:  When the primary beam  of a codeword is a restricted beam, the codeword is not used in CSI feedback. In the case that the secondary beam  is a restricted beam, zero power is fed back for .
An example of the two options is shown in Figure 1 with 2x2 port layouts, where beam 1 is the strongest beam and beams 2,3 and 4 are the candidates for the second beam in a beam pair. With beam restriction set for the beams in the middle two rows, in case of option 1, only beam pair {beam 1, beam 2} would be reported.   In case of option 2, the pair {beam 1, beam 3} or {beam 1, beam 4} could also be reported but with zero power feedback for beam 3 and beam 4.
Both options would result in zero transmit power in the restricted beam directions. Option 1 only searches beams in the set of unrestricted beam and thus has a smaller number of beam to search, which can also result in slightly better channel estimation as a third beam could be selected to pair with the primary beam.  So Option 1 is preferred.
[bookmark: _Toc478166811]Observation:
· Both option 1 and option 2 lead to zero transmit power in the directions of the restricted beam, but option 1 has less beams to search and may provide richer channel feedback.
[bookmark: _Toc478159663][bookmark: _Toc478159708][bookmark: _Toc478166807][bookmark: _Toc478166814]Proposal:
· Option 1 based UE behavior is used for CBSR, i.e., when any of the two beams  in a codeword is a restricted beam, the codeword is not used in CSI feedback.
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[bookmark: _Ref478158814]Figure 1: Beam level restriction for advanced CSI codebook. 

For W2 based CBSR, the usefulness may be very limited. Since CBSR does not reduced feedback overhead, the use case of W2 CBSR for advanced CSI feedback is unclear.  So in our view, it should not be applied when advanced CSI is configured.
[bookmark: _Toc478166812]Observation:
· In case of advanced CSI feedback, the use case of W2 based CBSR is unclear.
[bookmark: _Toc478159664][bookmark: _Toc478159709][bookmark: _Toc478166808][bookmark: _Toc478166815]Proposal:
· W2 based CBSR is not applied when advanced CSI is configured, at least for rank 1 and rank 2.
For rank based CBSR, the use case in case of advanced CSI is similar to the case of Class A codebook and it allows eNB to restrict certain ranks. Therefore, it should be supported.
[bookmark: _Toc478159665][bookmark: _Toc478159710][bookmark: _Toc478166809][bookmark: _Toc478166816]Proposal:
· Rank based CBSR should also be supported for advanced CSI feedback.
Simulation Results 
We studied the benefits of codebook subset restriction for Advanced CSI reporting in 3D UMi and UMa channels for a 16 port, 8x1 antenna array.  We compared the system performance where CBSR is not used to where the proposed CBSR (Option 1 above) is used.  When CBSR is turned on, a range of beams around 90 degrees is forbidden from being used via the CBSR signalling. Note that the CBSR has not been optimized by exhaustive search, so the presented performance with CBSR merely constitutes a lower bound.
The performance results are shown in Table 1 and Table 2 below.  We observe mean user throughput gains of 22-48% and 37-65% in UMi and UMa, respectively, with the greatest gains at high load.  Similarly, we find cell edge user throughput gains of 72-128% and 84-151% in UMi and UMa, respectively, again with the greatest gains at high load.  
[bookmark: _Ref490146332]Table 1: Performance with and without CBSR in UMi
	UMi

	
	
	Proposed CBSR

	50% RU
	Cell Edge Throughput Gain 
	72%

	
	Mean User Throughput Gain 
	22%

	70% RU
	Cell edge Throughput Gain 
	128%

	
	Mean User Throughput Gain 
	48%



[bookmark: _Ref490146340]Table 2: Performance with and without CBSR in UMa
	UMa

	
	
	Proposed CBSR

	50% RU
	Cell Edge Throughput Gain 
	84%

	
	Mean User Throughput Gain 
	37%

	70% RU
	Cell edge Throughput Gain 
	151%

	
	Mean User Throughput Gain 
	65%



Observations:
· Codebook subset restriction can provide substantial gains in both cell edge and mean user throughput 
· Gains as high as 65% and 151% in mean and cell edge user throughput were observed at high loads
· Similar gains were observed in both UMa and UMi
Conclusions
In this contribution, we made the following observations:
Observations:
· Controlling inter-cell interference is equally important when advanced CSI feedback is configured.
· Both option 1 and option 2 lead to zero transmit power in the directions of the restricted beam, but option 1 has less beams to search and may provide richer channel feedback.
· In case of advanced CSI feedback, the use case of W2 based CBSR is unclear.
· Codebook subset restriction can provide substantial gains in both cell edge and mean user throughput 
· Gains as high as 65% and 151% in mean and cell edge user throughput were observed at high loads
· Similar gains were observed in both UMa and UMi
Based on the discussion in this contribution we propose the following:
Proposals:
·  Beam level CBSR is also supported for advanced CSI feedback.
· Option 1 based UE behavior is used for CBSR, i.e., when any of the two beams  in a codeword is a restricted beam, the codeword is not used in CSI feedback.
· W2 based CBSR is not applied when advanced CSI is configured, at least for rank 1 and rank 2.
· Rank based CBSR should also be supported for advanced CSI feedback.
Simulation Parameters
	Simulation Parameters 

	Carrier frequency
	2 GHz 

	Bandwidth
	10 MHz 

	Scenarios
	3D UMi 200m ISD, 3D UMa 500m ISD

	Antenna Configurations
	8x1

	Cell layout
	57 homogeneous cells 

	Wrapping
	Radio distance based

	UE receiver
	MMSE-IRC

	CSI periodicity
	5 ms

	CSI delay 
	5 ms

	CSI mode
	PUSCH Mode 3-2

	Outer loop Link Adaptation
	Yes, 10% BLER target

	UE noise figure 
	9 dB

	eNB Tx power 
	41 dBm (UMi), 46 dBm (UMa)

	Traffic model
	FTP Model 1, 100 kB packet size

	UE speed 
	3 km/h

	Scheduling 
	Proportional fair in time and frequency

	DMRS overhead
	2 DMRS ports

	CSI-RS
	Overhead accounted for.  
Channel estimation error modelled.

	HARQ
	Max 5 retransmissions

	Antenna spacing
	0.8 lambda in vertical, 0.5 lambda in horizontal

	Handover margin
	3 dB

	Transmission Mode
	TM10, with non-shifted CRS

	Cell association
	Follows codebook radiation pattern







