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[100e-NR-eMIMO-MUCSI-01] Email discussion/approval regarding the following:
·  (SB size is undefined when NPRB < 24): use the following two alternatives as a starting point and aim to finalize the corresponding TP
· Alt1. NSB = 1 if csi-ReportingBand is not present (when NPRB < 24)
· Alt2. UE expects csi-ReportingBand to be configured
· Note: This implies that when the UE is configured with eType-II CSI, the UE is not expected to be configured with NPRB < 24 (i.e. NPRB is at least 24)  
by 2/28; if there is a spec impact, followed by endorsing the corresponding TP by 3/3 – Eko (Samsung)

the following is the current status per phase-1 FL summary [1]:
	Alt1. NSB = 1 if csi-ReportingBand is not present (when NPRB < 24)
	Support (5): Huawei/HiSi, ZTE, CATT, OPPO

	Alt2. UE expects csi-ReportingBand to be configured
· Note: This implies that when the UE is configured with eType-II CSI, the UE is not expected to be configured with NPRB < 24 (i.e. NPRB is at least 24)
	Support (11): Apple, Spreadtrum, Samsung, LGE, vivo, Fraunhofer/HHI, Nokia/NSB, Qualcomm , Ericsson



To facilitate discussion, two sample TPs are provided, one for each of the two alternatives:
 
TP for Alt1

	-------- start of the TP-------
[bookmark: _Toc29673185][bookmark: _Toc29673326][bookmark: _Toc29674319]5.2.2.2.5              Enhanced Type II Codebook
------- Unchanged text is omitted -------
For 4 antenna ports {3000, 3001, …, 3003}, 8 antenna ports {3000, 3001, …, 3007}, 12 antenna ports {3000, 3001, …, 3011}, 16 antenna ports {3000, 3001, …, 3015}, 24 antenna ports {3000, 3001, …, 3023}, and 32 antenna ports {3000, 3001, …, 3031}, and UE configured with higher layer parameter codebookType set to ' typeII-r16'
-     The values of  and  are configured with the higher layer parameter n1-n2-codebookSubsetRestriction-r16. The supported configurations of  for a given number of CSI-RS ports and the corresponding values of   are given in Table 5.2.2.2.1-2. The number of CSI-RS ports, , is .
-     The values of ,  and  are determined by the higher layer parameter paramCombination-r16, where the mapping is given in Table 5.2.2.2.5-1.
-     The UE is not expected to be configured with paramCombination-r16 equal to
-     3, 4, 5, 6, 7, or 8 when ,
-     7 or 8 when 
-     7 or 8 when higher layer parameter typeII-RI-Restriction-r16 is configured with  for any .
-     7 or 8 when .
-     If csi-ReportingBand is configured, the number of subbands is determined based on the subband size configured by the higher-level parameter subbandSize and the total number of PRBs in the bandwidth part according to Table 5.2.1.4-2. Otherwise, the number of subbands equals one and the subband size equals the total number of PRBs in the bandwidth part.
-     The parameter  is configured with the higher-layer parameter numberOfPMISubbandsPerCQISubband. This parameter controls the total number of precoding matrices  indicated by the PMI as a function of the number of subbands in csi-ReportingBand, the subband size, configured by the higher-level parameter subbandSize and of the total number of PRBs in the bandwidth part according to Table 5.2.1.4-2, as follows:
-     When :
-     One precoding matrix is indicated by the PMI for each subband in csi-ReportingBand.
-     When :
-     For each subband in csi-ReportingBand that is not the first or last subband of a BWP, two precoding matrices are indicated by the PMI: the first precoding matrix corresponds to the first  PRBs of the subband and the second precoding matrix corresponds to the last  PRBs of the subband.
-     For each subband in csi-ReportingBand that is the first or last subband of a BWP
-     If , one precoding matrix is indicated by the PMI corresponding to the first subband. If , two precoding matrices are indicated by the PMI corresponding to the first subband: the first precoding matrix corresponds to the first  PRBs of the first subband and the second precoding matrix corresponds to the last  PRBs of the first subband.
-     If , one precoding matrix is indicated by the PMI corresponding to the last subband. If , two precoding matrices are indicated by the PMI corresponding to the last subband: the first precoding matrix corresponds to the first  PRBs of the last subband and the second precoding matrix corresponds to the last   PRBs of the last subband.
-------- end of the TP-------



TP for Alt2. 

	-------- start of the TP-------
5.2.1.4             Reporting configurations
------- Unchanged text is omitted -------

The reportFreqConfiguration contained in a CSI-ReportConfig indicates the frequency granularity of the CSI Report. A CSI Reporting Setting configuration defines a CSI reporting band as a subset of subbands of the bandwidth part, where the reportFreqConfiguration indicates: 
-     the csi-ReportingBand as a contiguous or non-contiguous subset of subbands in the bandwidth part for which CSI shall be reported. 
-     A UE is not expected to be configured with csi-ReportingBand which contains a subband where a CSI-RS resource linked to the CSI Report setting has the frequency density of each CSI-RS port per PRB in the subband less than the configured density of the CSI-RS resource.
-     If a CSI-IM resource is linked to the CSI Report Setting, a UE is not expected to be configured with csi-ReportingBand which contains a subband where not all PRBs in the subband have the CSI-IM REs present.
-     wideband CQI or subband CQI reporting, as configured by the higher layer parameter cqi-FormatIndicator. When wideband CQI reporting is configured, a wideband CQI is reported for each codeword for the entire CSI reporting band. When subband CQI reporting is configured, one CQI for each codeword is reported for each subband in the CSI reporting band.
-     wideband PMI or subband PMI reporting as configured by the higher layer parameter pmi-FormatIndicator. When wideband PMI reporting is configured, a wideband PMI is reported for the entire CSI reporting band. When subband PMI reporting is configured, except with 2 antenna ports, a single wideband indication (i1 in Clause 5.2.2.2) is reported for the entire CSI reporting band and one subband indication (i2 in clause 5.2.2.2) is reported for each subband in the CSI reporting band. When subband PMIs are configured with 2 antenna ports, a PMI is reported for each subband in the CSI reporting band. 
A UE is not expected to be configured with codebookConfig set to 'typeII-r16' or 'typeII-PortSelection-r16 ' if the total number of PRBs in the bandwidth part is less than 24.

-------- end of the TP-------



Below is the summary of phase-2 discussion on this issue.

[bookmark: _Ref529369566]Summary 
1 
2 
The inputs from companies can be summarized in the following table

Table 1 Summary of inputs
	Company
	Comment

	Apple, Ericsson, Nokia/NSB, Qualcomm, Samsung, Spreadtrum, vivo 
	These companies confirmed their support for Alt2. After a few rounds of discussion, the following rewording of the sample TP (in section 1) is agreeable as it describes the UE behaviour clearly and succinctly (without too much redundancy):
“A UE is not expected to be configured with codebookConfig set to ‘typeII-r16’ or ‘typeII-PortSelection-r16’ if the field csi-ReportingBand is absent.”

	Apple
	Re Alt1, we want to point out that making number of subband equal 1 has some issues. This may lead to M=1, and potentially K0=1.
When K0=1, specification starts to have error
1. For RI=1/2, each layer can have SCI only. This means UE cannot even report the coefficient on the other polarization. 
2. For RI=3/4, UE cannot even report the SCI on all the layers, which starts to conflict with SCI content in 38.212
3. As results, some bitwidth in 38.212 becomes negative, for example i_{2,4,l} and i_{2,5,l}

	ZTE
	Prefer Alt 1. Further, we think both R=1 and R=2 should be supported since they are already there for N_SB = 1 in current specification.
On the following issue mentioned by [Apple]:
· If K0 = 1, the total number of NZ coefficients across layers is up to 2. Hence the rank cannot be 3 or 4. 
· This is not an issue just caused by N_PRB < 24. For other small N3 values, it may also lead to K0=1. Since it is a general issue, it can be addressed in future discussion if needed.
· If one configuration makes the bitwidth of a parameter negative, it is an invalid configuration and error case for UE. It should be gNB's implementation to guarantee a configuration is valid.  

	Nokia/NSB
	Regarding the TP for Alt 1, saying that the number of subbands equals one when csi-ReportingBand  is not configured (i.e. absent?) seems to contradict the field description in 331 where it says explicitly there is no subband. If Alt 1 is accepted, do we need to change the field description of 331 as well?
In addition, there is no need at the moment to introduce support for CSI reporting for BWP<24 because carrier BWPs<24 PRB do not actually exist as of today. Even if the transmission BWs are defined for 5 MHz @30 kHz and 5&10 MHz @60 kHz, the 5 MHz cases are not actually specified by RAN4, and even though there is a handful of 60 kHz cases, those are not of practical interest as 60 kHz SCS is not commonly supported. You can see this from Tables 5.3.2-1 and 5.3.5-1 of 38.104.
Besides, the initial CORESET BW is at minimum 24 PRBs and SSBs require 20 PRBs, and there are no UEs that can support an active BWP that does not include an SSB.
If the intention is to make CSI configurations future proof in case BWP<24 are supported in the future, then Alt2 is enough because when that happens, the definition of csi-ReportingBand will be extended to BWP<24.

	CATT
	Alt.1 and both R=1 and R=2 shall be supported.
About TP for Alt1, we suggest the following change:

                If csi-ReportingBand is configured, the number of subbands is determined based on the of the number of subbands in csi-ReportingBand  and subband size configured by the higher-level parameter subbandSize and the total number of PRBs in the bandwidth part according to Table 5.2.1.4-2. Otherwise, the number of subbands equals one and the subband size equals the total number of PRBs in the bandwidth part.
The reason is that the number of subbands is not only determined by subband size, but also by the configuration in csi-ReportingBand. On the issue of K0=1 with Alt1, it is caused by Nsb = 1. BWP size < 24 PRBs is only one of the cases that Nsb = 1. Even when BWP size > 24 PRBs, gNB can still configure csi-ReportingBand with only one subband, i.e., Nsb = 1. Also as pointed out by Hao, other small values of Nsb may also lead to K0=1. The problem shall be resolved generally.

	Huawei/HiSi
	Alt 1 in principle. Initially, R=1 only but open to R=2 as well. With regarding to BWP<24PRB, we have run some simulations compared to Rel-15 type I codebook, find roughly 35% gain in SE for MU-MIMO assuming a small BWP with N3=R=1. 
1. Note: performance of Type-II and e-Type-II are expected to be the same in this case
Practically, the UE implementation has to balance why it has to support one additional codebook with the minimal UE effort. So far only type I is mandatory. We cannot presume that a UE will support all Rel-15 and Rel-16 type I and type II codebooks. For a UE supporting Rel-15 type I and Rel-16 type II (if spec cannot support a small BWP), the NW has to configure two BWPs, one large BWP and one small BWP, by using BWP switching and Rel-16 type II configured over large BWP, to sensing targeted small BWP PRBs.  
[image: cid:image002.png@01D5EBC5.E4DB7550]

	OPPO
	Slightly prefer Alt1: Current spec already supports Nsb=1 for BWP>24, extending to BWP < 24 is “no risk”. Alt2 may lead unnecessary scheduling restriction for gNB if UE is capable with eType II only. We also think issue M=1and K0=1 shall be solved generally.

	Nokia/NSB, Apple, ZTE, Fraunhofer/HHI, Samsung, Huawei/HiSi, Qualcomm, FL
	After a round of discussion, it was clear that although Rel.15 RAN1 specification offers some flexibility for BWP size < 24 PRBs, the support in RAN4 spec is non-existent. In addition, whether BWP < 24 PRBs is supported in Rel.15 for CSI reporting (especially subband reporting) is not found. Note that N_{SB}=1 is never supported in Rel.15 (cf. Table 5.2.1.4-2 of TS 38.214). If this is to be addressed, it should be a part of Rel.15 maintenance on CSI.  
Since the issue discussed on this thread is closely related to the Rel.15 issue, it is fitting to postpone this discussion after the Rel.15 issue is resolved.




After the above rounds of discussion, the group has reformulated the problem as follows:
	
When BWP size < 24 PRBs, should CSI reporting be supported (given that there is no support for BWP size < 24 PRBs in Rel.15 RAN4 spec)?  Rel.15 maintenance issue
0. If yes, what feature(s) need to be refined (e.g. subband size table, csiReportingBand definition, cqi-/pmi-FormatIndicator definition/ configuration, ...)  Rel.15 maintenance issue
0. If no, what spec clarification is needed (e.g. subband size table, csiReportingBand definition, cqi-/pmi-FormatIndicator definition/ configuration, ...)  Rel.15 maintenance issue
0. If yes, which of the Rel.15 codebooks are supported?  Rel.15 maintenance issue
0. If yes, are codebookType Rel.16 eType-II, eType-II port selection supported?  Rel.16 maintenance issue




FL proposal 
Based on the above summary and inputs from the participants, it is proposed that the following be agreed: 
1. The following issue is to be finalized in the next RAN1 meeting:
	[bookmark: _GoBack]When BWP size < 24 PRBs, should CSI reporting be supported?  Rel.15 maintenance issue
a. If yes, what feature(s) need to be refined (e.g. subband size table, csiReportingBand definition, cqi-/pmi-FormatIndicator definition/ configuration, ...)  Rel.15 maintenance issue
b. If no, what spec clarification is needed (e.g. subband size table, csiReportingBand definition, cqi-/pmi-FormatIndicator definition/ configuration, ...)  Rel.15 maintenance issue
c. If yes, which of the Rel.15 codebooks are supported?  Rel.15 maintenance issue
d. If yes, are codebookType Rel.16 eType-II, eType-II port selection supported?  Rel.16 maintenance issue



2. Issues a, b, and c are to be discussed under Rel.15 maintenance on NR-MIMO
3. Issue d is to be discussed under Rel.16 maintenance on eMIMO MU-CSI informed by the outcome (or parallel with) the Rel.15 discussion for issues a, b, and c
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