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Introduction
In RAN #71, a new study item New Radio (NR) Access Technology was approved. Regarding code book subset restriction, the following agreements were made in RAN1 #90
Agreements:
· Codebook subset restriction (CSR) is supported for Type I single-panel
· CSR supports DFT beam restriction and rank restriction
· Beam restriction is bitmap of length N1O1N2O2 where each bit is associated with DFT beam
· If a PMI is comprising of at least one restricted DFT beam, this PMI is considered as restricted
· FFS:  Beam restriction for rank 3-4 codebooks for 16,24 and 32 ports
· CSR is supported for Type I multi-panel
· CSR supports at least rank restriction and beam restriction
· FFS: Details
· FFS beamforming direction restriction, e.g., it can include at least DFT beam
· FFS CSR for Type II
· CSR supports DFT beam restriction and rank restriction and FFS power restriction
· FFS: Details
· FFS: Impact of CSR on CSI reporting payload size
· FFS CSR for 2Tx

In this contribution, we describe our views on code book subset restriction for NR. 
 Codebook subset restriction for Bandwidth parts
[bookmark: _Ref378529477]In NR, the component carrier bandwidth is very large say 400 MHz.  Since the UE may not use all the bandwidth of 400 MHz, the bandwidth part concept was introduced where the UE can use only a subset of bandwidth. A UE can be configured with one or more carrier bandwidth parts in the downlink with either one or a subset of carrier bandwidth parts being active at a given time. The UE is not expected to receive PDSCH or PDCCH outside an active bandwidth part. A UE can be configured with one or more carrier bandwidth parts in the uplink with a subset of carrier bandwidth parts being active at a given time. The UE shall not transmit PUSCH or PUCCH outside an active bandwidth part.
Even though the codebook subset restriction was agreed in the previous meeting, it is still not clear whether the bit map sent by the network to the UE is applicable at the bandwidth part level or at the carrier level.  In our view the codebook subset restriction should be at bandwidth part level as the precoders useful for one bandwidth part may not be used at another bandwidth part. For example if the CSR bit map might be completely different for the first and the last bandwidth parts. Similar to LTE, we prefer the network should signal the CSR bit map using RRC signaling.  
Proposal 1:  Codebook subset restriction is configured for each bandwidth part of the carrier  
Proposal 2:  Codebook subset restriction for each bandwidth part is configured via RRC signaling 
However, there are cases when the CBSR bit map is same for multiple bandwidth parts. In these cases, we prefer to use reduced pay load for example, 1 bit can indicate to the UE that it should use the same CBSR bit map as that of first/primary bandwidth part.  For example, let’s say the network configures 4 bandwidth parts. Then the network can send CSR bit map for first/primary bandwidth part and for the other carriers it can send a small pay load say 3 bits as shown in Table 1 

Table 1 Reduced signaling for CSR indication for bandwidth parts
	Option
	bitmap
	Indication clarification

	1
	000
	CBSR of C2 =  CBSR of C1

	2
	001
	CBSR of C3 =  CBSR of C1

	3
	010
	CBSR of C4 =  CBSR of C1

	4
	011
	CBSR of C3 =  CBSR of C2

	5
	100
	CBSR of C4 =  CBSR of C3

	6
	101
	CBSR of C3 =  CBSR of C2 =  CBSR of C1

	7
	110
	CBSR of C4 =  CBSR of C3 =  CBSR of C1

	8
	111
	CBSR of C4 =  CBSR of C3 =  CBSR of C2

	Note: CBSR - codebook subset restriction, C1-Primary BWP, C2- Secondary BWP, C3 – 3rd BWP, C4 – 4th BWP



Proposal 3:   Reduced signaling techniques are used to indicate the Codebook subset restriction bit map for each bandwidth part 
Impact of Codebook subset restriction on CSI reporting payload
In LTE, the feedback channel is not adapted according to codebook subset restriction bit map. For example, say the UE is configured with only 4 precoders out of 16 precoders. Then the number of PMI bits should be equal to 2 rather than 4. However, LTE supports 4 bits to indicate the PMI.  Figure 1 shows the block error rate using (20, 8) and (20, 6) RM code. It can be observed that with reduced overhead significant energy savings can be obtained.  Hence in our view, CSI reporting payload should adapt based on the codebook subset restriction bit map entries.  
[image: ]
[bookmark: _GoBack]Figure 1 Block error rate for the uplink feedback channel with CSR considered in the CSI payload
Proposal 4:  CSI reporting payload should adapt based on the codebook subset restriction bit map entries

[bookmark: _Toc424303267][bookmark: _Toc425248865][bookmark: _Toc425344835][bookmark: _Toc425350726][bookmark: _Toc425501584][bookmark: _Toc425504168]Conclusions
In this contribution we described our views on codebook subset restriction in NR.
Based on our observations, we have the following proposal:
[bookmark: _Ref450342757]Proposal 1:  Codebook subset restriction is configured for each bandwidth part of the carrier  
Proposal 2:  Codebook subset restriction for each bandwidth part is configured via RRC signaling 

Proposal 3:   Reduced signaling techniques are used to indicate the Codebook subset restriction bit map for each bandwidth part 

Proposal 4:  CSI reporting payload should adapt based on the codebook subset restriction bit map entries
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