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This contribution summarizes the offline email discussion on the issue formulated as the conclusion of [100e-NR-eMIMO-MUCSI-01] email thread [1]:
	
The following issue is to be finalized in the next RAN1 meeting:

When BWP size < 24 PRBs, should CSI reporting be supported? Rel.15 maintenance issue
· If yes, 
a. What feature(s) need to be refined (e.g. subband size table, csiReportingBand definition, cqi-/pmi-FormatIndicator definition/ configuration, ...)  Rel.15 maintenance issue
b. Which of the Rel.15 codebooks are supported?  Rel.15 maintenance issue
c. are codebookType Rel.16 eType-II, eType-II port selection supported?  Rel.16 maintenance issue
· If no, what spec clarification is needed (e.g. subband size table, csiReportingBand definition, cqi-/pmi-FormatIndicator definition/ configuration, ...)  Rel.15 maintenance issue
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The inputs from companies can be summarized in the following table.

Table 1 Summary of inputs
	Company
	CSI for BWP < 24 PRBs?
	Clarification 
	Rel.15 codebook(s) (*)
	Rel.16 eType-II codebooks (*)

	Nokia/NSB
	Yes
	· Remove 1st row of Table 5.2.1.4-2
· Only wideband reporting is supported with CSI reporting band = entire BWP for BWP < 24 (csi-ReportingBand parameter is absent) 
· Subband reporting is not expected to be configured for BWP < 24
	All Type I and Type II 
	All eType-II 

	Apple
	Yes
	cqi-FormatIndicator = widebandCQI and pmi-FormatIndicator = widebandPMI
	All Type I, open to all Type II
	Not supported

	Samsung
	Yes
	Only wideband reporting is supported
	All Type I, open to all Type II
	Not supported

	ZTE
	Yes
	To support WB reporting, set the whole BWP as one subband
	All Type I and Type II
	All eType-II

	Fraunhofer/HHI
	Yes
	Only wideband reporting is supported
	All Type I and Type II
	All eType-II

	LGE
	Yes
	Only wideband reporting is supported
	All Type I and Type II
	All eType-II

	Huawei/HiSi
	Yes
	Only wideband reporting is supported
	All Type I and Type II
	All eType-II, R=1 is sufficient

	Qualcomm
	Yes, if backward compatibility is maintained
	UE is not expected to be configured with subbandPMI or subbandCQI.
Not essential to introduce subband size for BWP < 24.
	Type I SP only

	Not supported

	OPPO
	Yes
	Only wideband reporting is supported
	All Type I and Type II
	All eType-II

	Intel
	Yes
	Only wideband reporting is supported
	All Type I and Type II
	All eType-II

	Ericsson
	Yes
	Only wideband reporting is supported
	All Type I and Type II
	All eType-II preferred but no strong view

	vivo
	Yes (given NBC is avoided )
	Only wideband reporting is supported
	All Type I and Type II (although we don’t see strong motivation for Type II)
	Not supported

	MotM/Lenovo
	Yes
	Only wideband reporting is supported
	All Type-I and Type-II
	All eType-II

	NTT Docomo
	Yes
	Wideband reporting is sufficient
	All Type I and Type II
	All eType II

	CATT
	Yes
	Only wideband reporting is supported
	All Type I and Type II
	All eType-II



(*) “All” refers to both regular and port selection codebooks for Type II, as well as both single- and multi-panel codebooks for Type I.

More detailed comments are captured in the following table.

Table 2 Detailed comments
	Company
	Comment

	Nokia/NSB
	Focus on clarification for wideband reporting for BWP < 24 PRBs:
1. These are the modifications we think are needed:
0. The first row of the subband size table can be removed as the table is intended to list BWPs in which “a UE can be configured… with one out of two possible subband sizes”
0. The definition of CSI reporting needs to be clarified for BWPs with less than 24 PRBs, and
0. It should be clarified that a UE is not expected to be configured with subband CQI/PMI reporting for BWPs with fewer than 24 PRBs
1. Rel-15 Type I and II CBs in wideband CSI reporting mode
1. Extend support for both eType-II and eType-II port selection, to avoid having BWP sizes for which Rel-15 codebooks are configurable but the new enhanced codebooks are not. This can be done with a TP in Sec. 5.2.2.2.5 by rephasing the paragraph on parameter .
The extension for TypeII/eTypeII does not have any impact on the functional implementation of these codebooks, or on UE complexity, additional testing requirements etc. (in fact, RAN4 does not currently support these small bands and its support is anyway subject to UE capability bwp-WithoutRestriction).

	Apple
	0. cqi-FormatIndicator = widebandCQI and pmi-FormatIndicator = widebandPMI can be used to support BWP < 24PRB for Rel-15 Type I or Type II codebook. Note that we believe it is already supported in Rel-15 by 38.212 Table 6.3.1.1.2-7 and Table 6.3.2.1.2-4
0. BWP < 24PRB should be supported for at least Type I codebook, we are open to discuss Rel-15 Type II
0. Supporting BWP < 24PRB shall not be a mandatory feature for UE that supports Rel-16 eType II. We prefer that it is not supported for Rel-16 eType II. Unless NR deployment with BWP < 24 PRB requiring UE with either 2 Rx or especially 4 Rx, and not for the purpose of power saving, there is no justification for supporting Rel.16 eType-II

	Samsung
	Supportive of CSI reporting for BWP size < 24 PRBs. Our view about the three questions are as follows.
1. At least WB CSI reporting should be supported. We are not sure about the need for supporting SB CSI reporting for such small BWPs. And for the reasons as mentioned by Nokia/NSB, we also think it is perhaps better to restrict the discussion to WB CSI reporting only. 
1. At least R15 Type I codebooks should be supported. R15 Type II can also be supported, if the majority view is that way.
1. Since for WB CSI reporting, N_SB = 1  N3=1 (assuming R=1) no FD compression (actually, there is nothing to compression in FD), hence we are not sure about the benefits of R16 eTypeII. Also, BWP size < 24 PRBs is not a target use case of R16 eTypeII. We therefore think that it is not so critical to support R16 eTypeII for BWP size < 24 PRB. We don’t expect too much performance gain (with R15/16 Type II) over R15 Type I for WB CSI reporting. The only difference is that in R16 eTypeII, (a) we have more bits for amp/phase quantization, and (b) we support up to 4 layers. Since for small BWPs, WB CSI reporting with 4 layers is likely to be a rare event.

	ZTE
	CSI reporting should be supported for BWP size < 24.
1. Having the whole BWP as one sub-band is sufficient. It is equivalent to supporting WB CSI for BWP size < 24.
2. Both Rel-15 Type I and Type II codebooks are supported. Wide-band PMI and CQI is supported.
3. eType II and eType II PS in Rel-16 should also support BWP size < 24. The solution is also to have the whole BWP as one sub-band, i.e., N3=R.  Since it has high chance that future UEs will support only one from Type II and eType II, both codebooks should support BWP size < 24 from specification perspective. There should be no bias between the specification support of Type II and eType II.
For Rel-16 eType II, 
· Even if the number of UEs in a BWP < 24RB is not large, the support of rank 3 and 4 and finer quantization can still provide good gain on SU performance. The simulation results from Huawei has shown the gain of eType II over Type I. 
· Further, anyway BWP < 24RB is a special case which requires dedicated clarification/description in specification. Not configuring PMI format will not stop eType II from working properly for BWP<24.   
Therefore, at least Rel-16 eType II should be supported for BWP<24RB. 
For Rel-15 Type II, there will still be SU performance gain for UEs with 2Rx compared to Type I, for example, on the bands where only 2Rx is mandatory, or for low-cost UEs. Hence it's also beneficial to support Rel-15 Type II in this case.

	Fraunhofer//HHI
	Support CSI reporting for BWP size < 24 PRBs. 
1. Support of WB CSI reporting.
1. Support of R15 Type I codebook and R15 Type II codebook (WB PMI and CQI). 
1. Although there is no compression for one sub-band (whole BWP = one sub-band), R16 eType II slightly performs better than the R15 Type II codebook due to the enhanced quantization scheme. Also, in this case both codebooks have a similar complexity. Therefore, we support R16 eType II and R16 eType II PS for BWP size < 24 PRBs

	LGE
	Supportive for CSI reporting when BWP<24PRBs.
1. Support WB CSI reporting
1. Support both Type I and II CSI (with WB CQI and PMI)
1. Support both eType II CSI and eType II port selection, since both Rel-16 codebook can work in case of BWP<24PRBs

	Huawei/HiSi
	Similar view with [Fraunhofer] below and are open to text updates proposed by Filippo
1. For Rel-15, we think that WB CSI reporting is enough given that it may be original intention/reading, at least from my perspective, for defining “no subband” for <24 PRBs. 
2. WB PMI/WB CQI are considered and supported by all Rel-15 codebooks 
3. For Rel-16, in our understanding, Rel-16 type II codebook will fall back to Rel-15 type II codebook without compression but it can support up to rank 4 with slightly higher quantization. Therefore, WB-like PMI/CQI is sufficient for Rel-16 type II codebook for BWP size< 24 PRBs. If there is the majority of supporting R=2, we are also fine with that. Otherwise, R=1 may be sufficient, similar with Rel-15
For the issue of power saving, power saving WID will come with a complete solution to inform the gNB what the UE may expect. For example, it was more or less discussed for how antenna switching shall be supported in a power saving mode.  It is also likely that there is another applicable scenario for a small BWP in DSS. I can’t foresee all possible uses/time line in the future, but at least from spec perspective, I still wish that both Rel-15/16 type II can support a BWP<24PRB

	Qualcomm
	1. For Rel.15 aspect, avoid non-backward-compatible (NBC) change. If there exists UEs implementing Type I or Type II not supporting BWP < 24, it should be clarified that CSI for BWP < 24 in Rel-15 is not supported. If there is no NBC issue, we are open to discuss whether and how to support BWP < 24.
2. While we sympathize the performance concern without CSI is for BWP < 24, supporting basic CSI should be enough and no optimization is needed (at least for time being). This is because 1) BWP < 24 may not be a typical case, and 2) this is very late stage of Rel-15 and the main goal is to resolve ambiguity.
Therefore, our preference is as follows:
· Regarding WB CSI, supporting Type I SP would be the most common understanding and implementation. Type II is more useful in MU. As small BWP is mainly used for power saving, BWP < 24 is not a typical case for eMBB, and there may not be many UEs or much traffic. Therefore, it is doubtful whether there are many MU-pairing in BWP < 24. For eType II, as it has been agreed in topic B there is no notion of wideband or subband PMI, it seems illogical to support eType II with WB CSI for BWP < 24.
· Regarding SB CSI, no urgency to introduce subband size and csi-ReportingBand for BWP < 24 (non-essential, optimization).

	OPPO
	For CSI reporting when BWP < 24 PRB,
· Support WB reporting
· Support Type I codebook at least, we are open to support R15 Type II  
· We are fine to support R16 eType II

	Intel
	Support CSI reporting for BWP < 24 PRB
a. WB CSI reporting only
b. At least Type I codebook should be supported; in our view Type II codebook should be supported as well (concerns on non-backward compatibility can be addressed, if needed)
c. Support R16 eType II codebooks

	vivo
	In our view BWP<24PRBs is corner case, however we are fine to support wideband CSI reporting for Rel-15 given that NBC is avoided. 
For Rel-16 eType II we don't see the motivation to support CSI reporting for BWP<24PRBs where the data rate is limited by the bandwidth itself, not by the spectral efficiency. For the purpose of power saving supporting BWP<24PRBs does make sense with reduce UE complexity, reduced overhead, reduced power consumption. Furthermore, we believe there are no operators deploying NR only on such a narrow bandwidth.

	MotM/Lenovo
	· Support WB CSI reporting for at least Type-I.
· The motivation behind R16 (eType-II) was improving the efficiency compared with R15 (Type-II), thereby we believe eType-II should at least support the same configurations as Type-II (1st preference: both support WB reporting. 2nd preference: neither Type-II nor eType-II support WB reporting)  

	NTT Docomo
	We believe CSI reporting for BWP< 24 PRBs is useful.
2. It is sufficient to consider WB CSI reporting when BWP<24 PRBs, for Rel. 15 codebooks 
2. Given that NBC issues are sufficiently addressed, we think CSI reporting for BWP<24 PRBs with both Rel. 15 Type I and Type II codebooks is useful. This is because, some prior information about propagation condition at the BS is always beneficial for better spatial representation, MU-MIMO pairing. Hence, both Rel.15 Type I and Type II codebooks should support CSI reporting for BWP<24 PRBs
For eType II codebooks, as some of the companies had captured previously, wideband/subband CSI reporting do not exist. Given that this is sufficiently addressed in the spec. especially focusing on BWP<24 PRBs (as proposed by Nokia/NSB for Sec. 5.2.2.2.5 of TS 38.214), we believe CSI reporting for BWP<24 PRBs with eType II codebooks is useful due to the same reasons discussed under b previously    
As per our understanding, the spatial correlation structure of the user channel (exploited through spatial covariance matrix), does not depend on the BWP. For instance, assume that there are two users at the same spatial location. One user is assigned with BWP < 24 PRBs while the other one is assigned with BWP > 24 PRBs. Strictly speaking, both these users should have the same spatial correlation structure since both of them under go the same scattering geometry. 

However, as per our understanding, impact due to the BWP comes in to the picture when determining the WB spatial covariance matrix (which is afterwards used for identifying SD beams). That is because, for determining WB spatial covariance matrix, we have to average CSI-RS over frequency. If the BWP is small, the averaging over frequency may not be sufficient to extract the accurate WB spatial covariance matrix. Hence, the derived CSI based on that also may not be reliable.




From the above table, the following observation can be made.
	Observation: On the support of CSI reporting for BWP < 24 PRBs, out of 19 companies 
· There is consensus in supporting wideband CSI reporting for BWP < 24 PRBs.
· There is also consensus in supporting Rel.15 Type-I single-panel (SP) codebooks
· 18 companies propose to support Rel.15 Type-I multi-panel (MP) codebooks 
· 18 companies either propose or are open to supporting all Rel.15 Type-II codebooks (regular and port selection)
· 15 companies propose to support Rel.16 eType-II codebooks (regular and port selection), at least for R=1
Therefore, there is either consensus or super-majority support for wideband CSI reporting with all Rel.15 Type-I, Rel.15 Type-II, and Rel.16 eType-II codebooks. 



In regard of the support for Rel.15 Type-II codebooks, the main argument for the support is performance gain over Type-I even with wideband PMI and/or SU-MIMO scenario. The opponents, however, argue that BWP < 24 PRBs is targeted for reduced-capability UEs (power saving) where the support for 2RX or even 4RX is less likely. 
In regard of the support for Rel.16 eType-II codebooks, the main argument for the support is performance gain over Rel.15 Type-II. The opponents (some also open or proposing the support for Rel.15 Type-II codebooks, while opposing) either argue along the line of reduced-capability UE operation or the marginal gain of Rel.16 eType-II over Rel.15 Type-II in such a small system bandwidth.
From FL perspective, although the arguments brought forth against the support for Rel.15 Type-II and/or Rel.16 eType-II are technically valid, they substantively fall short when all implementation and specification aspects are being considered. First, when a feature such as PMI calculation is implemented, the same algorithm is used irrespective of the BWP size. Therefore, there is no extra complexity associated with supporting these codebooks for BWP<24 PRBs if the UE is capable of such. Second, not supporting such codebooks for BWP < 24 PRBs does not result in more UE power saving. Power saving is solely dictated by UE capability (hence the term REDCAP) and, to a certain extent, network/gNB implementation (the gNB can opt for not configuring Type-II/eType-II for some capable UEs when BWP < 24PRBs). Third, introducing additional restrictions/conditions for the applicability of certain component(s) of CSI reporting amounts to worsening specification complexity and eventually some aspects (e.g. control flow) of UE implementation. Fourth, while reduced testing effort can be used as an argument for not supporting Type-II/eType-II codebooks when BWP < 24 PRBs (as argued by some opponents), if indeed BWP < 24 PRBs is a corner case, the return for such “reduced testing effort” is expected low anyway. Furthermore, testing is unlikely to be comprehensive anyway in terms of BWP sizes.      
However, toward the end, one company (Apple) decided to change their view to that originally of Qualcomm and sustained their concern. As a result, there is no consensus in supporting Rel.15 Type-I MP, Rel.15 Type-II, and Rel.16 eType-II.


FL proposal 
Based on the above summary and inputs from the participants, the following proposal is made:
	Offline agreement:
· On the support of CSI reporting for BWP size < 24 PRBs, only wideband CSI reporting is supported with Rel.15 Type I single-panel codebook
·  [Text proposal]

Offline conclusion: On the support of CSI reporting for BWP size < 24 PRBs, there is no consensus in supporting Rel.15 Type-I multi-panel, Rel.15 Type-II, and Rel.16 eType-II codebooks for wideband CSI reporting




Text proposal 
The following is a TP used as a starting point for offline discussion:
	-------- start of the TP for TS 38.214 -------
[bookmark: _Toc29674301][bookmark: _Toc29673308][bookmark: _Toc29673167][bookmark: _Toc27299900][bookmark: _Toc20318002][bookmark: _Toc11352112]5.2.1.4	Reporting configurations
------- Unchanged text is omitted -------

For CSI reporting, a UE can be configured via higher layer signaling with one out of two possible subband sizes, where a subband is defined as  contiguous PRBs and depends on the total number of PRBs in the bandwidth part according to Table 5.2.1.4-2.

Table 5.2.1.4-2: Configurable subband sizes
	Bandwidth part (PRBs)
	Subband size (PRBs)

	 < 24
	N/A

	24 – 72
	4, 8

	73 – 144
	8, 16

	145 – 275
	16, 32



[bookmark: _Hlk497986691]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 CSI Reporting Setting is said to have a wideband frequency-granularity if 
-	reportQuantity is set to 'cri-RI-PMI-CQI', or 'cri-RI-LI-PMI-CQI', cqi-FormatIndicator is set to 'widebandCQI' and pmi-FormatIndicator is set to 'widebandPMI', or
-	reportQuantity is set to 'cri-RI-i1' or
-	reportQuantity is set to 'cri-RI-CQI' or 'cri-RI-i1-CQI' and cqi-FormatIndicator is set to 'widebandCQI', or
-	reportQuantity is set to 'cri-RSRP' or 'ssb-Index-RSRP' or
otherwise, the CSI Reporting Setting is said to have a subband frequency-granularity.
If the UE is configured with a CSI Reporting Setting for a bandwidth part with fewer than 24 PRBs, the CSI reporting setting is expected to have a wideband frequency-granularity, and, if applicable, the higher layer parameter codebookType is set to 'typeI-SinglePanel'.
-------- end of the TP for TS 38.214-------
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