3GPP TSG RAN WG1 Meeting #117				                                   R1-2404923
Fukuoka City, Japan, May 20th – May 24th, 2024

Agenda Item:  	9.2.2
Source:             	Fraunhofer IIS, Fraunhofer HHI
Title:                  	CSI enhancements for Rel. 19 MIMO
Document for: 		Decision			
Introduction 
In RAN1#102, a new work item for NR MIMO phase 5 has been agreed. In this contribution, we discuss our view on the remaining issues from RAN1#116-bis [2] related to CSI enhancements. 
CSI enhancements 
	Agreement
For the Rel-19 Type-II codebook refinement for 48, 64, and 128 CSI-RS ports, on CBSR, refine the legacy CBSR as follows:
· Only 1-bit hard restriction is supported (analogous to Rel-18 Type-II)
· Moving (N1, N2) configuration out from CBSR IE and the CBSR can be optional configured
· Send LS to RAN2, and subject to RAN2 consent
· Group-based CBSR granularity where each bit in the CBSR is associated with a set of X1X2 SD basis vectors, where the set includes X1 adjacent SD basis vectors along the N1 direction and/or X2 adjacent SD bases along the N2 direction
· FFS: Value(s) of X1 and X2 and detailed design/spec impact 
FFS: Whether/how to enable shared CBSR in RRC configuration for Type-I/-II codebooks with a same (N1,N2).


Type-II CBSR RRC overhead reduction
Codebook subset restriction has been supported since Rel. 15 NR and is configured to the UE via information element n1-n2-codebookSubsetRestriction.The information element n1-n2-codebookSubsetRestriction forms the bit-sequence  where the two bit sequences are concatenated to form bit sequence B. The UE is configured with restrictions for 4 groups out of  groups, wherein each group comprises   vectors.  The remaining  groups are not restricted. The 4 groups are ordered according to the equation , where  and , and wherein  is the group index and  denotes the index of the 4 groups configured with restrictions and the indices are assigned such that  increases as  increases. The bit-sequence  is a -bit indicator and indicates the 4 groups configured with restrictions. The second bit sequence  is the concatenation of bit sequences ,   given by  corresponding to the group indices . The 4 restricted groups are determined by the wireless device based on the bit-sequence . The bit sequence  is of length  and is defined as . Bits . Bits  indicate the maximum allowed amplitude coefficient  for the vector in group  indexed by , , where the maximum amplitude coefficients are given in the Table 1. 
Table 1: Maximum allowed amplitude coefficients for restricted vectors
	Bits  
	Maximum Amplitude coefficient 

	00
	0

	01
	

	10
	

	11
	1


For large values of  and , the overhead associated with the RRC configuration information element n1-n2-codebookSubsetRestriction increases drastically. This becomes notable as the second bit sequence  scales proportionally with increasing values of  and . One way of reducing the configuration overhead is to configure identical amplitude restriction for two configured groups. Instead of configuring amplitude restriction for 4 bit-sequences , only two bit-sequences  needs to be configured, wherein  and  are associated with the group indices  and , respectively. In this way, a 50% overhead reduction related to the configuration of the bit-sequence  can be achieved. 
Observation: Configuring identical amplitude restriction values for two oversampling groups results in a overhead reduction of 50%. 
Proposal: For , support  and .
Another way of reducing feedback overhead is to consider a single amplitude restriction value for a set of  SD basis vectors. The ordering of the SD basis vectors in each group is given by , wherein  and . Hence, the  SD basis vectors in each group are ordered with respect to  dimension first and  dimension second. This means, the first  SD vectors in each group are associated with index , the second  SD vectors in each group are associated with index , and so on and the last  SD vectors in each group are associated with index . Based on the ordering of the SD basis vectors, the following options can be considered to associate a single amplitude restricted value for a group of  consecutive SD basis vectors. 
1)  and 
2)  and , where  is an integer value. 

Based on the ordering of the SD basis vectors, the following options can be considered to associate a single amplitude restricted value for a group of  non-consecutive SD basis vectors. 

1)  and 
2)  and , where  is an integer value. 
Proposal: For simplicity, consider  and  and  and  for Rel. 19 Type-II codebook subset restriction. 
	Agreement
For the Rel-19 Type-I multi-panel (MP) codebook refinement for 48, 64, and 128 CSI-RS ports, for RI=1-4, decide, by RAN1#117, whether to support Type-I multi-panel (MP) codebook refinement in Rel-19. 
If supported, decide from the following alternatives:
· Scheme1. Based on Rel-15 Type-I MP design directly extended with Ng=K (2, 3, and 4), and new (N1, N2) values
· Scheme2. Based on Scheme4/6 as described in the RAN1#116 agreement
· W1 structure: Reuse legacy Rel-15 Type-I SP SD basis selection with L=1 independently for each of the K NZP CSI-RS resources
· W2 structure:
· Legacy Rel-15 Type-I inter-polarization co-phasing rules independently in each resource,
· Layer-common inter-resource M-PSK co-phasing, where M is further down-selected from {2,4}
· FFS: Whether inter-resource co-phasing is wideband or per subband. 
If so, decide, by RAN1#117, whether port mapping scheme similar to, e.g. Rel-18 Type-II CJT, needs to be specified.
Note: This topic is lower priority compared to the Rel-19 Type-I SP codebook refinement.


For Rel. 19 Type-I MP codebook refinement for greater than 32 ports two schemes have been agreed in RAN1#116-bis to be down-selected in RAN1#117. Scheme 1 is based on Rel.15 Type-I MP codebook and scheme 2, where each panel is associated with a CSI-RS resource and a common SD vector is used for all panels. The structure of scheme 2 is same as Scheme 1, however, the selection of SD vectors, inter-polarization co-phasing rules differ from scheme 1. For Scheme 2, the selection of SD vectors is not common rather resource specific. Therefore, it is expected that scheme 2 offers better performance compared to scheme 1.
Observation: Scheme 2 is expected to offer better performance than scheme 1. 
Proposal: Support scheme 2 for Rel. 19 Type-I MP codebook refinement. 
	Agreement
For the Rel-19 Type-I SP codebook refinement for 48, 64, and 128 CSI-RS ports with RI=5-8, decide, by RAN1#117, from the following schemes:
· Scheme1: adding new (N1, N2) values for the Rel-15 Type-I RI=5-8
· Scheme2: 
· W1 structure: Independent selection of different ceil(v/2) SD basis vectors for RI = v, where each SD basis vector is applied to two respective layers except that, if v is odd, the last SD basis vector is applied to the orphan layer. Each of the SD basis vectors is freely selected from a group of N1N2 orthogonal SD DFT basis vectors via combinatorial indication 
· FFS: mapping between v layers and ceil(v/2) SD basis vectors
· FFS: support of 4 selected SD basis vectors for RI=5-6
· W2 structure:
· For inter-polarization co-phasing, M (e.g., M = 4) codepoints for the orphan layer and M/2 codepoints for two layers sharing a same SD basis vector;
· A fixed  rotation of inter-polarization co-phasing between two layers sharing a same SD basis vector to achieve layer orthogonality.
· Scheme3: the 1st beam is freely selected and subsequent 2 beams (RI=5-6) or 3 beams (RI=7-8) are freely selected such that they are orthogonal in at least one dimension (horizontal or vertical). Layers are mapped to the selected SD basis vectors following legacy Rel-15 for RI=5-8. One co-phasing across all layers ∈{1,j} following legacy Rel-15 Type-I RI=5-8.
· Scheme4: concatenate two independently calculated RI=1-4 PMIs for RI=5-8 to reduce UE complexity where each PMI is calculated from the agreed RI=1-4 codebook (Scheme-A or Scheme-B) and the CQI for each of the two CWs is derived assuming it is received by one antenna group of 4 antenna ports (FFS: Whether additional mapping between the two PMIs and the two UE antenna groups is needed).
· Other schemes are not precluded.


In RAN1#116-bis, two modes namely Mode-A and Mode-B have been agreed for RI =1-4. Mode-A is based on Rel. 15 Type-I codebook, whereas Mode-B is based on independent selection of SD vectors per layer and free selection of co-phasing values from a QPSK alphabet. Therefore, it is natural to consider scheme 1 and scheme 2 for RI= 5-8 as Mode-A and Mode-B counterparts, respectively. Scheme 3 is based on restricted selection of SD basis vectors in at least one dimension which kills the motivation of keeping the SD basis vector selection simple and indepenedent without any restricton. 
Proposal: For RI = 5-8, support Scheme 1 and scheme 2 as Mode-A and Mode-B counterparts. 
According to scheme 4, the antenna ports of the UE are grouped into two port groups each comprising 4 antenna ports. For each antenna port group, the UE calculates PMI independently for up to RI = 4 layers. A rank transmission of RI = 5-8 can be realized by concatenating the independently calculated PMIs across two UE port groups. Independent reception of K CSI-RS resources and consequent PMI calculation by each antenna port group separately results in reduced UE complexity. Therefore, we think it is worth considering this scheme. 
Proposal: Support scheme 4 for UE complexity reduction. 
Conclusion
In this contribution, we have the following observations and proposals. 
Observation: Configuring identical amplitude restriction values for two oversampling groups results in a overhead reduction of 50%. 
Proposal: For , support  and .
Proposal: For simplicity, consider  and  and  and  for Rel. 19 Type-II codebook subset restriction.
Observation: Scheme 2 is expected to offer better performance than scheme 1. 
Proposal: Support scheme 2 for Rel. 19 Type-I MP codebook refinement. 
Proposal: For RI = 5-8, support Scheme 1 and scheme 2 as Mode-A and Mode-B counterparts. 
Proposal: Support scheme 4 for UE complexity reduction. 
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