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Introduction
This document is a summary for email discussion “[103-e-NR-7.1CRs-07] 38.211 DRAFT CR (Rel-16, F) on k_SSB calculation”, focusing on whether a specification change is needed for Rel-16 TS 38.211 to clarify the calculation method of k_SSB. 

The draft CR R1-2008122 [1] triggering the email discussion was originated for Rel-15, but there was no consensus in RAN1 that the identified issues are essential for Rel-15. Hence, the email discussion is for Rel-16 maintenance consideration only.   
Summary of the Preparation Phase Email Discussion 
In the preparation phase email discussion, 11 companies provided their initial views on this issue, wherein 10 companies are OK with an email discussion in the meeting, while 1 company believes the issue is not essential (please refer to Appendix A for the detailed views from companies on this issue). 

Three issues have been reported in R1-2008122 [1], and need to be discussed in this email discussion.
1) Clarify the calculation method of k_SSB, with respect to the concerned sentence, is for operation without shared spectrum sharing;
2) Clarify the calculation method of k_SSB, with respect to the concerned sentence, is for FR1 SS/PBCH blocks and not for SS/PBCH block type A only.
3) Clarify the functionality of k_SSB, as the subcarrier offset, is for SS/PBCH block type A and B. 

1 company further commented that “We support discussing this in RAN1#103, but are not 100% OK with the CR contents.”

1 company further commented that “This editorial change can be handled in the editor CR.”

Please take above two further comments into account in this email discussion. 
Phase-1: Determination of Whether a TP is Needed
According to Chairman’s guidance, the working group is encouraged to provide the first round feedback and decide whether a TP is needed before 10/27. 

Before discussing the potential issues of the specification, it would be good to clarify the common understanding of k_SSB, such that companies could be on the same page for discussing whether changes are needed for the current specification TS 38.211. Here is a summary of moderator’s understanding of k_SSB, supported so far in various specifications. 

Functionality of k_SSB
· If k_SSB is from {0, …, 23} for FR1 (i.e., defined as SS/PBCH block type A) or {0, …, 11} for FR2 (i.e., defined as SS/PBCH block type B) 
· k_SSB is “the subcarrier offset from subcarrier 0 in common resource block  to subcarrier 0 of the SS/PBCH block”, as specified in TS 38.211.
· a CORESET for Type0-PDCCH CSS set is present, as specified in TS 38.213 (and some RAN2 specifications as well)
· If k_SSB is from {24, …, 31} for FR1 or {12, …, 15} for FR2
· a CORESET for Type0-PDCCH CSS set is not present, as specified in TS 38.213 (and some RAN2 specifications as well)
· providing information on the location of a cell-defining SS/PBCH block or a range without a cell-defining SS/PBCH block, as specified in TS 38.213
Calculation of k_SSB
· For operation without shared spectrum sharing (originated from Rel-15 NR)
· FR1: 4 MLSBs given by ssb-SubcarrierOffset and MSB given by 
· Note: This is the part R1-2008122 [1] having concern with, since current TS 38.211 is using “SS/PBCH block type A” instead of “FR1”.
· FR2: 4 MLSBs given by ssb-SubcarrierOffset
· For operation with shared spectrum sharing (originated from Rel-16 NR-U)
· FR1 only: “4 least significant bits of  are given by the higher-layer parameter ssb-SubcarrierOffset and the most significant bit of  is given by  in the PBCH payload as defined in clause 7.1.1 of [4, TS 38.212]. If  ,  ; otherwise, ”

 Please firstly provide company’s view on whether the above understanding is aligned across companies, and further comments regarding the k_SSB understanding if any. 

	Company
	View

	Qualcomm
	


TS 38.211 has “The quantity  is the subcarrier offset from subcarrier 0 in common resource block  to subcarrier 0 of the SS/PBCH block, where  is obtained from the higher-layer parameter offsetToPointA and the 4 least significant bits of  are given by the higher-layer parameter ssb-SubcarrierOffset and for SS/PBCH block type A the most significant bit of  is given by  in the PBCH payload as defined in clause 7.1.1 of [4, TS 38.212]”. This text is generic definition for kssb. Hence, we do not think listing the following in the first bullet under kssb functionality is correct:
· k_SSB is “the subcarrier offset from subcarrier 0 in common resource block  to subcarrier 0 of the SS/PBCH block”, as specified in TS 38.211.


	ZTE
	This aligns our understanding. But may be a typo in “4 MSBs” as 4 least significant bits

	Vivo
	Agree with ZTE’s comment.

	Huawei
	We have the following understanding
· k_SSB is defined in 38.211 as “the subcarrier offset from subcarrier 0 in common resource block  to subcarrier 0 of the SS/PBCH block” which does not have a dependency on the value range. 
· The value range of k_SSB can be 0~15 or 0~31 as defined in 38.331.
· Depending on the value of k_SSB, it may be used to indicate whether a CORESET for Type0-PDCCH CSS set is present or not and the location of a cell-defining SS/PBCH block or a range without a cell-defining SS/PBCH block as defined in 38.213.

We think the above understanding is also aligned with 38.331 in the following

--------Quote from 38.331-------
ssb-SubcarrierOffset                INTEGER (0..15),
ssb-SubcarrierOffset
Corresponds to kSSB (see TS 38.213 [13]), which is the frequency domain offset between SSB and the overall resource block grid in number of subcarriers. (See TS 38.211 [16], clause 7.4.3.1).
The value range of this field may be extended by an additional most significant bit encoded within PBCH as specified in TS 38.213 [13].
This field may indicate that this cell does not provide SIB1 and that there is hence no CORESET#0 configured in MIB (see TS 38.213 [13], clause 13). In this case, the field pdcch-ConfigSIB1 may indicate the frequency positions where the UE may (not) find a SS/PBCH with a control resource set and search space for SIB1 (see TS 38.213 [13], clause 13).
---------End of the quote-------


	NEC
	We understand the paragraph is intended for the case kSSB represents “subcarrier offset”, where kSSB takes {0, …, 23} for type A (μ={0, 1} currently FR1 only) or {0, …, 11} for type B (μ={3, 4} currently FR2 only).
It is correct when kSSB represents as “subcarrier offset” it takes {0, …, 23} for type A (μ={0, 1}) or {0, …, 11} for type B (μ={3, 4}). We consider description in this paragraph is correct.
The other case, where kSSB takes {24, …, 31} for μ={0, 1} or {12, …, 15} for μ={3, 4}, kSSB does not represent “subcarrier offset” as described in TS 38.213.

	Nokia
	With the note made by ZTE, this would align with our understanding.

	Ericsson
	We have the same understanding. That this also seems to be the shared understanding is an indication that no changes are needed. The reason we thought the CR should be discussed is to avoid the CR being resubmitted every meeting.

	Apple
	Agree with ZTE’s modification i.e. LSB vs MSB.

	LG Electronics
	Agree with ZTE’s comment

	Moderator
	The typo of in the summary has been updated according to ZTE’s comment. 

Meanwhile, companies have common understanding of the functionality and calculation of k_SSB other than the following bullet: 
· When serving as the subcarrier offset, whether there is a restriction on the value of k_SSB 
· Yes: Samsung, ZTE, vivo, NEC, Nokia, Ericsson, Apple, LGE
· No: Qualcomm, Huawei

This aspect was not explicitly specified, but there was intensive discussion in Rel-15. Moderator still remember the FL (Ren, CATT) used a nice figure to illustrate the k_SSB, when serving as subcarrier offset, and the observation is there is indeed a limitation on its value. Moderator is re-stating this issue from two aspects. 

First of all, according the description of  in current spec (quoted below), it is naturally true that offset cannot exceed one RB, which further correspond to at most 23 subcarriers considering the mixed numerology case.  
“the centre of subcarrier 0 of resource block   coincides with the centre of subcarrier 0 of a common resource block with the subcarrier spacing provided by the higher-layer parameter subCarrierSpacingCommon. This common resource block overlaps with subcarrier 0 of the first resource block of the SS/PBCH block.”

Another point is, when a SSB is associated with k_SSB value in {24, …31} or {12, …, 15}, the k_SSB value should not reflect the subcarrier offset. Please refer to the following figure for an illustration (for illustration purpose only, and the exact number of RBs in the figure may not matter). SSB1 is a cell-defining SSB with k_SSB=6, while SSB2 is a non-cell-defining SSB located on sync raster as well and provides frequency location for SSB1. For this purpose, the k_SSB value of SSB2 should be assigned as 24 according to 38.213 (i.e., +4 GSCN value), but its subcarrier offset from common resource block grid has to be the same as SSB1 (i.e., 6 subcarriers), because the interval between sync rasters is always an integer multiple of RBs. In this way, the k_SSB value of SSB2 is not reflecting the subcarrier offset, and UE should not use that information to try to determine the CRB grid: the UE should only use k_SSB2 to allocate the cell-defining SSB1 and then using the corresponding k_SSB1 to determine the CRB grid. Hope this example explains why the functionality of subcarrier offset only applies to k_SSB value in {0, …23} or {0, …, 11}. 







Based on the above understanding of k_SSB, please provide further feedback on the following questions. 

Q1: Do we need to clarify the concerned sentence in TS 38.211 “the 4 least significant bits of  are given by the higher-layer parameter ssb-SubcarrierOffset and for SS/PBCH block type A the most significant bit of   is given by  in the PBCH payload as defined in clause 7.1.1 of [4, TS 38.212]” is for operation without shared spectrum sharing? 
 
	Company
	View

	Samsung
	Yes, since another calculation method of k_SSB was introduced by Rel-16 NR-U, it is essential to clarify the legacy Rel-15 calculation method is for operation without shared spectrum only. 

	Qualcomm
	We do not think this clarification is needed since the follow-up text (C&P below) already removes the confusion between with shared spectrum operation and without shared spectrum operation. 

“For operation with shared spectrum channel access, the 4 least significant bits of  are given by the higher-layer parameter ssb-SubcarrierOffset and the most significant bit of  is given by  in the PBCH payload as defined in clause 7.1.1 of [4, TS 38.212]. If  ,  ; otherwise, .”

	ZTE
	It will help to make spec clearer. Of course, if not adopted, it also doesn't have much impact on the current spec as we share the common understanding.

	vivo
	Seems not essential. we are open to this change.

	Huawei
	The clarification is okay and this editorial change can be handled by the editor CR.

	NEC
	Not essential.

	Nokia
	We are open to consider the clarification, as it would split the common part of the operation related to k_SSB (applied always) and the NR specific operation. However, if we start to clarify which of the sentences relate to operation with shared spectrum and which without, we should also consider adding a clarification for the last part related to NR-U:
“For operation with shared spectrum channel access, iIf  ,  ; otherwise, . If ssb-SubcarrierOffset is not provided,  is derived from the frequency difference between the SS/PBCH block and Point A.”
One could argue that this should be evident as k(^hat)_SSB should not exist with operation without shared  spectrum, but if we want to clarify, we should then do it consistently. 
(Editorial note: Full stop added to separate the sentences is in italic.)

	Ericsson
	It should be obvious that the original text is for other cases than for operation with shared spectrum channel access given that it is only for shared spectrum channel access that the interpretation is changed. 

	Apple
	Although it should be obvious from the current text, adding it will make the specification clearer. 

	LG Electronics
	Agree that this editorial change can make spec clearer.

	Moderator
	Summary:
· Support/OK: Samsung, ZTE, vivo, Huawei, Nokia, Apple, LGE
· Not needed: Qualcomm, NEC, Ericsson

Moderator’s suggestion: 
The understanding is this change could help the specification clear, but seems not critical to be as a standalone change. So if a TP is agreeable with other changes, this clarification can also be added to improve the wording of the spec. 



Q2: Do we need to replace “SS/PBCH block type A” the concerned sentence in TS 38.211 “the 4 least significant bits of  are given by the higher-layer parameter ssb-SubcarrierOffset and for SS/PBCH block type A the most significant bit of  is given by  in the PBCH payload as defined in clause 7.1.1 of [4, TS 38.212]” to “FR1”? 

	Company
	View

	Samsung
	Yes, “SS/PBCH block type A” refers to k_SSB from {0, …, 23} in FR1, but the calculation method should be genetic for all SS/PBCH blocks in FR1. 

	Qualcomm
	The change is not essential since there is no way to interpret it differently.

	ZTE
	It is reasonable. Because the value of K_ssb is not limited as {0,1,2…,23}, it is allowed to be set as K_ssb >24. While for SS/PBCH block type A, it can just be set as {0,1,…23}. Therefore, Here seems wording “FR1” is more accurate than using wording “SS/PBCH block type A”.

	vivo
	Support this change, as the calculation of k_ssb should be generic for SSB with/without CORESET#0

	Huawei
	The change is not essential since there is nothing wrong with the current spec and all the implications of k_SSB has been clearly captured in 38.211, 38.213 as well as 38.331. It is almost impossible to interpret it in a different way. 

	NEC
	Agree with Huawei.

	Nokia
	We are OK with the proposed change.

	Ericsson
	We see this change as not essential since there is no logical alternative interpretation of the specifications.

	Apple
	Although not absolutely essential, FR1 is more accurate.

	LG Electronics
	OK with the proposed change.

	Moderator
	Summary:
· Support/OK: Samsung, ZTE, vivo, Nokia, Apple, LGE
· Not needed: Huawei, NEC, Ericsson, Qualcomm

Moderator’s suggestion: 
It is a common understanding that the calculation of k_SSB should be genetic for all SSBs in FR1, but companies have different view on whether the change is critical since it seems no other interpretation is possible. The majority view is still to make the change and clarify.

Moderator’s further comment: 
The ambiguity for implementation is, the calculation method of k_SSB depending on whether the received SSB is type A (which further relying the value of k_SSB). In logic, the specification didn’t provide a valid processing line (e.g. like a chicken-egg problem). When a UE receives a SSB, there is no way for the UE to know whether the SSB is type A or not before it calculates the k_SSB value, but the calculation of k_SSB further relies on the SSB type. 



Q3: Do we need to clarify the concerned sentence in TS 38.211 “The quantity  is the subcarrier offset from subcarrier 0 in common resource block  to subcarrier 0 of the SS/PBCH block” is for SS/PBCH block type A and B? 
 
	Company
	View

	Samsung
	Originally this clarification is not needed since the later half sentence for k_SSB calculation implies this is for SS/PBCH block type A and B. However, if we add “for operation without shared spectrum sharing”, the link is broken. So it is good to add this clarification to make the specification technically solid and crystal clear. If companies believe the concerned sentence itself has no confusion from the context, we don’t insist this change. 

	Qualcomm
	This clarification is not needed since the text is already clear.

	ZTE
	Not needed. We all know the change could make specification clear but it is not essential change.

	vivo
	Not needed.

	Huawei
	No. See our reply to Q1.

	NEC
	No.

	Nokia 
	Not needed. If we separate the sentences which relate only to operation with shared spectrum and without,  replace the SSB type A with FR1, then it should be clear that this sentence should apply to (both spectrum cases and) both SSB types. 

	Ericsson
	Not needed. 

	Apple
	No

	LG Electronics
	Not needed.

	Moderator
	Summary:
· Support/OK: Samsung
· Not needed: Qualcomm, ZTE, vivo, Huawei, NEC, Nokia, Ericsson, Apple, LGE

Moderator’s suggestion: 
There is a clear majority view that this change is not needed. The sentence itself should be clear from the context. 



Phase 2: Finalizing the TP 
According to the outcome of Phase 1 discussion, and based on majority view, it seems more preferable to have a TP to clarify the issues identified in Q1 and Q2, and the TP can be included in the alignment CR for TS 38.211. Moderator suggests the following TP for consideration.  

Moderator’s Initial Proposal:
Include the following TP in the Rel-16 alignment CR for TS 38.211. 
============================= Start of TP for TS 38.211 ==============================
7.4.3.1	Time-frequency structure of an SS/PBCH block
============================= Unchanged Text Omitted ==============================






In the frequency domain, an SS/PBCH block consists of 240 contiguous subcarriers with the subcarriers numbered in increasing order from 0 to 239 within the SS/PBCH block. The quantities  and  represent the frequency and time indices, respectively, within one SS/PBCH block. The UE may assume that the complex-valued symbols corresponding to resource elements denoted as 'Set to 0' in Table 7.4.3.1-1 are set to zero. The quantity  in Table 7.4.3.1-1 is given by . The quantity  is the subcarrier offset from subcarrier 0 in common resource block  to subcarrier 0 of the SS/PBCH block, where  is obtained from the higher-layer parameter offsetToPointA. and For operation without shared spectrum channel access, the 4 least significant bits of  are given by the higher-layer parameter ssb-SubcarrierOffset and for SS/PBCH block type A FR1 the most significant bit of  is given by  in the PBCH payload as defined in clause 7.1.1 of [4, TS 38.212]. For operation with shared spectrum channel access, the 4 least significant bits of  are given by the higher-layer parameter ssb-SubcarrierOffset and the most significant bit of  is given by  in the PBCH payload as defined in clause 7.1.1 of [4, TS 38.212]. If  ,  ; otherwise, . If ssb-SubcarrierOffset is not provided,  is derived from the frequency difference between the SS/PBCH block and Point A.
============================= Unchanged Text Omitted ==============================
============================= End of TP for TS 38.211 ===============================

After receiving comments from the emails, the TP is further updated as follow. 
Moderator’s Updated Proposal:
Include the following TP in the Rel-16 alignment CR for TS 38.211. 
============================= Start of TP for TS 38.211 ==============================
7.4.3.1	Time-frequency structure of an SS/PBCH block
============================= Unchanged Text Omitted ==============================






In the frequency domain, an SS/PBCH block consists of 240 contiguous subcarriers with the subcarriers numbered in increasing order from 0 to 239 within the SS/PBCH block. The quantities  and  represent the frequency and time indices, respectively, within one SS/PBCH block. The UE may assume that the complex-valued symbols corresponding to resource elements denoted as 'Set to 0' in Table 7.4.3.1-1 are set to zero. The quantity  in Table 7.4.3.1-1 is given by . The quantity  is the subcarrier offset from subcarrier 0 in common resource block  to subcarrier 0 of the SS/PBCH block, where  is obtained from the higher-layer parameter offsetToPointA. and For operation without shared spectrum channel access, the 4 least significant bits of  are given by the higher-layer parameter ssb-SubcarrierOffset and for SS/PBCH block type A FR1 the most significant bit of  is given by  in the PBCH payload as defined in clause 7.1.1 of [4, TS 38.212]. For operation with shared spectrum channel access, the 4 least significant bits of  are given by the higher-layer parameter ssb-SubcarrierOffset and the most significant bit of  is given by  in the PBCH payload as defined in clause 7.1.1 of [4, TS 38.212], and. Iif  ,  ; otherwise, . If ssb-SubcarrierOffset is not provided,  is derived from the frequency difference between the SS/PBCH block and Point A.
============================= Unchanged Text Omitted ==============================
============================= End of TP for TS 38.211 ===============================
Conclusion
The following agreement was finally achieved and the email discussion thread “[103-e-NR-7.1CRs-07] 38.211 DRAFT CR (Rel-16, F) on k_SSB calculation” was closed, as announced by the Chairman on the RAN1 email reflector. 
Agreement
[bookmark: _GoBack]The following TP is endorsed for the Rel-16 alignment CR for TS 38.211. 
============================= Start of TP for TS 38.211 ==============================
7.4.3.1	Time-frequency structure of an SS/PBCH block
============================= Unchanged Text Omitted ==============================






In the frequency domain, an SS/PBCH block consists of 240 contiguous subcarriers with the subcarriers numbered in increasing order from 0 to 239 within the SS/PBCH block. The quantities  and  represent the frequency and time indices, respectively, within one SS/PBCH block. The UE may assume that the complex-valued symbols corresponding to resource elements denoted as 'Set to 0' in Table 7.4.3.1-1 are set to zero. The quantity  in Table 7.4.3.1-1 is given by . The quantity  is the subcarrier offset from subcarrier 0 in common resource block  to subcarrier 0 of the SS/PBCH block, where  is obtained from the higher-layer parameter offsetToPointA. and For operation without shared spectrum channel access, the 4 least significant bits of  are given by the higher-layer parameter ssb-SubcarrierOffset and for SS/PBCH block type A FR1 the most significant bit of  is given by  in the PBCH payload as defined in clause 7.1.1 of [4, TS 38.212]. For operation with shared spectrum channel access, the 4 least significant bits of  are given by the higher-layer parameter ssb-SubcarrierOffset and the most significant bit of  is given by  in the PBCH payload as defined in clause 7.1.1 of [4, TS 38.212], and. Iif  ,  ; otherwise, . If ssb-SubcarrierOffset is not provided,  is derived from the frequency difference between the SS/PBCH block and Point A.
============================= Unchanged Text Omitted ==============================
============================= End of TP for TS 38.211 ===============================

Reference
[1] R1-2008122, Draft CR on k_SSB calculation, Samsung. 
[2] R1-2008840, RAN1#103-e preparation phase final summary on NR Rel-15 CRs, Ad-hoc chair (Samsung)
Appendix A Views in the preparation phase email discussion.
	Moderator / Session Chair's initial view
	Initial recommendation: Discuss over email in RAN1#103-e. Was discussed in RAN1#102-e where it was concluded to continue discussion in RAN1#103-e.

Recommendation after 1st round: Discuss over email in RAN1#103-e.

Conclusion: Discuss over email in RAN1#103-e.

	vivo
	Agree with Chairman's initial assessment

	Nokia
	We support discussing this in RAN1#103, but are not 100% OK with the CR contents

	Samsung
	OK

	Huawei, HiSi
	Okay to discuss in RAN1#103-e. This editorial change can be handled in the editor CR.

	ZTE
	Agree with Chair's initial view.

	MediaTek
	OK to discuss

	FUTUREWEI
	OK to discuss in this meeting

	Ericsson
	Agree with Chair's assessment.

	NTT DOCOMO
	OK to discuss in this meeting

	QC
	Not essential issue. No need to discuss in this meeting

	Intel
	ok to discuss
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