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Introduction
In RAN1#98, high-layer parameters were down-selected and the number of FD units for compression was determined. Besides, alternatives for CSI omission and CBSR were identified. The detailed agreements and observation of offline email discussion were captured in [1-3]. In this contribution, we discuss our views on CSI omission, CBSR and UE capabilities.
CSI omission 
CSI omission rule was introduced in LTE Rel-14 and NR Rel-15, it defines UE behaviours clearly when the allocated UL resource is insufficient to carry the CSI payload with the target coding rate. In our view, defining CSI omission rule in the spec is critical from the following aspects. First, the gNB is aware of the insufficiency in UL resource allocation so as to better adapt the resource allocation for the next CSI request. Second, the UE behaviour is clearly defined and the gNB may know whether the last CSI in the report from UE reflects channel state or is impacted by insufficient payload. If CSI omission is spec-transparent, there is no clear expectation on UE behaviour or insight on the reliability on the last CSI in a report. To avoid such uncertainty, the gNB may have to allocate UL resource targeting the max CSI payload. Third, spec-transparent CSI omission would also complicate UE implementation as fitting multiple reports with a given UL payload size without notion of omission would eat-in processing timeline with limited benefit. Hence, based on the discussion, we observe 
Observation 1: If CSI omission is spec-transparent, gNB does not know the sufficiency in UL resource allocation and does not know the last CSI in a report reflects channel state or due to CSI omission.
Observation 2: If CSI omission is spec-transparent, there is no clear expectation on UE behaviour when omission occurs. The gNB may have to allocate UL resource targeting the max CSI payload to avoid uncertainty.
we propose
Proposal 1: Strive to define CSI omission behaviour. If CSI omission is spec-transparent, the UE does not expect to be triggered with CSI request whose max payload cannot be carried by the allocated UL resource with the target coding rate. 
Three alternatives were identified after extensive discussion in the last meeting and the email discussion afterwards:
· AltA: Priority level is calculated as  (i.e., no permutation), and entire bitmap is included in G1;
· AltB: Priority level is calculated as , and entire bitmap is included in G1; FFS the permutation function  and .
· AltC: Priority level is calculated as  (i.e., no permutation), and bitmap is partitioned following Alt2.2 of [3].
In our view, CSI omission rule is to address the case with insufficient UL resource and such case may not happen all the time.  Besides, the way CSI is omitted impacts the CSI mapping order as the CSI omission order should be consistent with the CSI mapping order. This implies we will be paying a perennial cost on every rel16 TypeII report for any marginal benefit that is only observed from optimizing CSI omission rules. Hence, simple and clean solution is preferred and over-optimization on CSI omission should be avoided unless a clear performance benefit can be demonstrated. From this aspect, AltA should be sufficient while AltB is can also be considered if the permutation function is simple with demonstrated performance gain. One possible meaningful permutation is to give the coefficients associated with FD basis 0 and SCI a higher priority. Hence, based on the discussion, we propose
Proposal 2: Support following CSI omission/mapping order as first and second preference:
· AltA (1st preference): no permutation of coefficients and entire bitmap in G1;
· AltB (2nd preference): permutation of coefficients by giving coefficients associated with FD basis 0 and SCI higher priority, and entire bitmap in G1.
CBSR
There are four alternatives identified for CBSR after last meeting:
· Alt1: Restriction on SD basis and no restriction on amplitude
· Alt2: Restriction on SD basis group and per coefficient amplitude restriction
· Alt3A: Restriction on SD basis group and sum power ratio restriction
· i.e., for SD basis , the sum power is restricted as , where  is the power associated with polarization , FD basis  and layer .
· Alt3B: Restriction on SD basis group and wideband power restriction
· i.e., for SD basis , the power on subband , , is restricted as , where  corresponds to the coefficient on subband  of SD basis . 
In our view, codebook subset restriction was introduced for intra/inter-cell interference mitigation, hence, restriction on SD basis is an efficient method. Although amplitude restriction provides better flexibility, its actual benefit is yet to be studied. Moreover, in Rel-16, since the coefficients are reported in transform domain, the physical meaning of such restrictions is unclear (especially for Alt2 and Alt3A). 
In amplitude restriction of Rel-15, by restricting on the wideband amplitude , the power ratio of SD basis  on subband  is limited by 

wherein  is the max amplitude on subband  among the  beams and  denotes the norm the precoder on subband . Furthermore, from a wideband sense, the power ratio SD basis  is limited by 

Then, we can see that Rel-15 amplitude restriction achieves restriction on both subband and wideband power ratio.
In Rel-16, the final precoder in subband  is written as , the corresponding coefficient associated with SD basis  is . Its power is written as

Wherein the last inequality is due to the fact that . Thus, it is unclear how the restriction on coefficients in transfer domain can be linked with subband power. Furthermore, from wideband perspective, the wideband power of SD basis  is written as 

[bookmark: _GoBack]Wherein the matrix  contains the normalization factor of all subbands. The last inequality is due to the fact that . Thus, it is also unclear how the restriction on coefficients in transfer domain can be linked with wideband power. 
Alt3B operates similar to Rel-15 amplitude restriction by restricting the frequency domain precoders. However, considering the interaction between quantization and power constraint, such constraints on sum of discrete value can create additional quantization loss as we are not able to report the set of non-zero coefficients that exactly satisfy the power constraint. Note that the final PMI on each subband is obtained by translating the reported coefficients from the transformed domain to frequency domain. A possible way to compensate the quantization loss is to embed the CBSR into such translation, i.e., the precoder on  subbands are given by

where  denotes the entry on -th row and -th column. Such embedding is more accurate than conveying the CBSR on discrete quantized bits. 
Based on the discussion, we observe and propose
Observation 3: Alt1 is efficient in achieving intra-/inter-cell interference mitigation
Observation 4: CBSR Alt2 and Alt3A cannot achieve the restriction on either subband or wideband power ratio for an SD basis.
Observation 5: CBSR Alt3B can be improved by applying CBSR rule when translate report to actual precoder matrix.
Proposal 3: In Rel-16 Type II CSI with FD compression, support restriction on SD basis only (Alt1).
UE capability
The current UE CSF capability signalling assumes a per codebook capability (type I, typeII 15/16, port selection) as well as CPU and CSI-RS limit across codebook. This incurs an underreporting problem when multiple codebooks are supported. Taking a Rel-15 UE as an example, it may report 
· supporting max  resources for Type I; 
· supporting max  resources for Rel-15 Type II; 
· supporting max  resources regardless of codebook type. 
This means that UE can support any combination of  Type I resource and  Rel-15 Type II resources as long as ,  and . Table 1 summarizes some codebook combinations assuming the Rel-15 UE reports  resources regardless of codebook type. As we can see, it can also support 7 resources for Rel-15 Type II if there is no Type I is triggered simultaneously. However, it cannot support 7 resources for Rel-15 Type II plus 1 resource for Type I simultaneously. To avoid network configurating  and , the UE has to underreport its Rel-15 Type II capability as . 
Table 1. Examples of codebook combinations supported by UE
	
	
	Type I
	Rel-15 Type II
	Rel-16 Type II
	Support or not

	For Rel-15 UE and Rel-16 UE
	Comb0
	8
	0
	0
	Yes

	
	Comb1
	0
	7
	0
	Yes

	
	Comb2
	1
	7
	0
	no

	
	Comb3
	2
	6
	0
	yes

	For Rel-16 UE only
	Comb4
	0
	0
	4
	yes

	
	Comb5
	2
	0
	4
	yes

	
	Comb6
	0
	7
	1
	no

	
	Comb7
	0
	6
	2
	no

	
	Comb8
	4
	2
	2
	yes

	
	Comb9
	2
	2
	4
	no


Let’s assume a Rel-16 UE who declares supporting Rel-15 Type I, Rel-15 Type II and Rel-16 Type II. This problem is even more severe. To avoid invalid configuration of Comb2, Comb6, Comb7 and Comb9, the UE may report supporting upto ,  and  resources for Type I, Rel-15 Type II and Rel-16 Type II, respectively. However, this report also excludes the supportive of Comb1, Comb3, Comb4 and Comb5. Furthermore, if a Rel-16 UE reports ,  and  resources for Type I, Rel-15 Type II and Rel-16 Type II, we can see it may have a lower capability of supporting Rel-15 Type II compared to a Rel-15 UE. Such a regression in CSI capability should be avoided.
To solve the above problems, there may exist three ways, or a mixture of them:
· Alt1: Report joint capability for simultaneously processed codebook combinations.
· Alt2: Avoid simultaneous processing CSI with different codebook types, e.g., Rel-15 Type II + Rel-16 Type II is not allowed.
· Alt3: Define a rule for the simultaneously processed CSI/codebook combinations based on the reported capability for each codebook.
Alt1 signals capability of codebook/CSI combination explicitly, while Alt2 and Alt3 restricts the flexibility of triggering simultaneously processed CSIs. Hence, with any of the aforementioned alternatives, when reporting per-codebook capability, a UE may report its max capability for each codebook considering the codebook is triggered alone. 
However, the drawback of Alt1 is large RRC overhead, while the pain-point of Alt2 and Alt3 lies in restricted flexibility. In our view, a more balanced solution is Alt1+Alt2/Alt3. That is, the UE may report useful codebook combinations via Alt1, then apply the restriction in Alt2/Alt3 to the combinations not reported via Alt1. In this way, the RRC overhead is reduced while preserving a certain flexibility in CSI request.
Based on the above discussion, we observe
Observation 6: Current signalling of CSI processing capability leads to underreported capability when multiple codebooks are supported in the same band, especially for Rel-15 and Rel-16 Type II CSIs.
Observation 7: Current signalling of CSI processing capability may lead to a regression of Rel-15 Type II capability for Rel-16 UE compared to Rel-15 UE.
Hence, we propose
Proposal 4: For Rel-16, enhancement to UE capability signalling or restrictions on simultaneously processed CSI needs to be studied to support codebook combinations.
CSI processing criteria for R=2
In Rel-15, UE reports the max number of simultaneous resource and max number of simultaneous ports per codebook, and also reports the max number of simultaneous resource and max number of simultaneous ports per band-band combination regardless of codebook type. These reflect UE’s capacity to store intermediate results of CSI calculations. For a single CSI-RS resource associated with N CSI reports, it is also agreed that the CSI-RS resource and the CSI-RS ports within the CSI-RS resource are counted N times. The motivation is that two different CSI report may have different report quantity or different interference measurement, and these two CSI calculations may not share common intermediate results. So, the memory used to store intermediate results is doubled even if the two CSI reports share a common CSI-RS resource. Following the above logic, when R=2 is configured in Rel-16, there would be two different PMIs in one CQI. Thus, compared to R=1, the memory cost and the CSI calculation cost is doubled. Hence, based on the discussion, we observe
Observation 8: R=2 CSI requires more CPU and memory compared to R=1.
We propose
Proposal 5: For R=2, support the following rule for CSI processing criteria
· The number of resources and the number of ports should be multiplied by R (i.e.counted twice) in both CSI-RS account and codebook capability accounting;
· The CPU occupation is 2 per resource.
Conclusion
In this contribution, we discuss the remaining issues related to type II CSI enhancement. Based on the discussion, we observe
Observation 1: If CSI omission is spec-transparent, gNB does not know the sufficiency in UL resource allocation and does not know the last CSI in a report reflects channel state or due to CSI omission.
Observation 2: If CSI omission is spec-transparent, there is no clear expectation on UE behaviour when omission occurs. The gNB may have to allocate UL resource targeting the max CSI payload to avoid uncertainty.
Observation 3: Alt1 is efficient in achieving intra-/inter-cell interference mitigation
Observation 4: CBSR Alt2 and Alt3A cannot achieve the restriction on either subband or wideband power ratio for an SD basis.
Observation 5: CBSR Alt3B can be improved by applying CBSR rule when translate report to actual precoder matrix.
Observation 6: Current signalling of CSI processing capability leads to underreported capability, especially for Rel-15 and Rel-16 Type II CSIs.
Observation 7: Current signalling of CSI processing capability may lead to a regression of Rel-15 Type II capability for Rel-16 UE compared to Rel-15 UE.
Observation 8: R=2 CSI requires more CPU and memory compared to R=1.
and propose
Proposal 1: Strive to support non-transparent CSI omission rule. If CSI omission is spec-transparent, the UE does not expect to be triggered with CSI request whose max payload cannot be carried by the allocated UL resource with the target coding rate.
Proposal 2: Support following CSI omission/mapping order as first and second preference:
· AltA (1st preference): no permutation of coefficients and entire bitmap in G1;
· AltB (2nd preference): permutation of coefficients by giving coefficients associated with FD basis 0 and SCI higher priority, and entire bitmap in G1.
Proposal 3: In Rel-16 Type II CSI with FD compression, support restriction on SD basis only (Alt1).
Proposal 4: For Rel-16, enhancement to UE capability signalling or restrictions on simultaneously processed CSI needs to be studied to support codebook combinations.
Proposal 5: For R=2, support the following rule for CSI processing criteria
· The number of resources and the number of ports should be multiplied by R (i.e.counted twice) in both CSI-RS account and codebook capability accounting;
· The CPU occupation is 2 per resource.
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