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Introduction
[bookmark: OLE_LINK365]This document intends to provide discussion summary on the following issue in RAN1#114 meeting: 
· Two contributions [1, 2, MTK], one discussion paper and one CR, are submitted to discuss the topic of Type0-PDCCH monitoring on non-zero common search space
As guided by the Chairman, for the issue listed above, this contribution provides summary of the submitted contributions (Section 4), discussion points (Section 2), and RAN1 discussion results during this meeting (Section 3).
[114-R17-Others] To be used for sharing updates on online/offline schedule, details on what is to be discussed in online/offline sessions, tdoc number of the moderator summary for online session, etc – James (MediaTek)
R1-2308035	Draft CR for 38.213 about Type0-PDCCH monitoring on non-zero common search space	MediaTek Inc.
R1-2308036	Type0-PDCCH monitoring on non-zero common search space	MediaTek Inc.
To be moderated by James (MediaTek)
[bookmark: _Hlk54027001]Discussion points (phase 1 until end of 21-Aug)
In [1, 2, MTK], 3 observations are brought up about the issue of Type0-PDCCH on Non-zero CSS (detailed background and quoted text from spec can be found in Section 4):

Observation 1: Per 38.213, gNB can transmit SIB1 on non-zero CSS. However, the mapping between Type0-PDCCH MOs and SSBs is not defined in this case. 
· Meanwhile, the mapping is well defined for the other three cases as summarized below. 
[image: ]

Observation 2: With the undefined mapping, UE needs to monitor monitoring occasions that are not qusi co-located with its unicast beam. This is not aligned with the other cases and the following statement from TS 38.331
· “NOTE 1:   The UE in RRC_CONNECTED is only required to acquire broadcasted SIB1 and MBS broadcast if the UE can acquire it without disrupting unicast or MBS multicast data reception, i.e., the broadcast and unicast/MBS multicast beams are quasi co-located.”
and causes unnecessary UE power consumption.

Observation 3: For the other cases, the UE monitors PDCCH candidates only at monitoring occasions associated with a SS/PBCH block, according to Clause 10.1 of 38.213, and Clause 5.2.2.3.1 of TS38.331.

To solve the issue mentioned in the above 3 observations, the following proposal is proposed in [1] with the corresponding CR text proposed in [2]:

Proposal 1: For the mapping between Type0-PDCCH monitoring occasions and SSBs when Type0-PDCCH is transmitted on a common search space set with a non-zero index, adopt the solution similar to that for Type0A-PDCCH. An exemplary figure is shown below.

[image: ]

The proposed R17 CR text for 38.213 10.1 from [2] is copied below:

[38.213 V17.6.0]
[bookmark: _Toc12021486][bookmark: _Toc20311598][bookmark: _Toc26719423][bookmark: _Toc29894858][bookmark: _Toc29899157][bookmark: _Toc29899575][bookmark: _Toc29917312][bookmark: _Toc36498186][bookmark: _Toc45699213][bookmark: _Toc130394897]10.1	UE procedure for determining physical downlink control channel assignment
[… Unchanged text omitted …]
If a UE monitors PDCCH candidates for DCI formats with CRC scrambled by a C-RNTI and the UE is provided a non-zero value for searchSpaceID in PDCCH-ConfigCommon for a Type0/0A/2-PDCCH CSS set, or monitors PDCCH candidates for DCI formats with CRC scrambled by a MCCH-RNTI or a G-RNTI for broadcast and the UE is provided a non-zero value for searchSpaceMCCH and searchSpaceMTCH in PDCCH-ConfigCommon for a Type0/0B-PDCCH CSS set, the UE determines monitoring occasions for PDCCH candidates of the Type0/0A/2-PDCCH CSS set, or of the Type0/0B-PDCCH set, respectively, based on the search space set associated with the value of searchSpaceID. For Type0A-PDCCH CSS set, UE determines monitoring occasions for PDCCH candidates associated with a SS/PBCH block as described in Clause 5.2.2.3.2 of TS38.331. For Type2-PDCCH CSS set, UE determines monitoring occasions for PDCCH candidates associated with a SSB/PBCH as described in Clause 7.1 of TS38.304. For Type0-PDCCH CSS set, UE determines monitoring occasions for PDCCH candidates associated with a SS/PBCH blocks as follows.  
· In one period of the search space set, PDCCH monitoring occasions which are not overlapping with UL symbols (determined according to tdd-UL-DL-ConfigurationCommon) are sequentially numbered from one. The [x×N+K]th PDCCH monitoring occasion (s) in one period of the search space set corresponds to the Kth transmitted SSB, where x = 0, 1, ...X-1, K = 1, 2, …N, N is the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1 and X is equal to CEIL(number of PDCCH monitoring occasions in one period of the search space set/N). The actual transmitted SSBs are sequentially numbered from one in ascending order of their SSB indexes. The UE assumes that, in one period of the search space set, Type0-PDCCH is transmitted in at least one PDCCH monitoring occasion corresponding to each transmitted SSB.


The following discussions points are devised to discuss the Proposals 1 and R17 CR text above.

[bookmark: OLE_LINK395]Discussion point 1:
Do you support the following proposal 1 from [1, MTK] for R17
· Proposal 1: For the mapping between Type0-PDCCH monitoring occasions and SSBs when Type0-PDCCH is transmitted on a common search space set with a non-zero index, adopt the solution similar to that for Type0A-PDCCH with an exemplary figure shown below:
[image: ]
to address the issue mentioned in Observation 1 to 3 in the beginning of this section that
· Per 38.213, gNB can transmit SIB1 on non-zero CSS. However, the mapping between Type0-PDCCH MOs and SSBs is not defined in this case and causes unnecessary UE power consumption as UE needs to monitor monitoring occasions that are not qusi co-located with its unicast beam. Meanwhile, the mapping is well defined for the other three cases.
If your answer is “No”, please assist to elaborate (if possible) why, and how you think the issue of undefined mapping between Type0-PDCCH MOs and SSBs should be addressed, without sacrifice of UE power saving.
	Company
	Yes or No
	Comment

	MTK
	Yes
	Defining the mapping is beneficial for UE power saving.

	Qualcomm
	No
	RAN1 discussed the issue in the past (RAN1#107 meeting) and concluded that the Rel-15 spec is clear; the UE monitors Type-0 CSS set on non-zero SS set on all PDCCH MOs identified by the configuration in RRC IE SearchSpace. This was captured in a RAN1 LS (To RAN2) regarding RMSI reception based on non-zero search space agreed at RAN1#107 as follows.

R1-2112681	[Draft] Reply LS on RMSI reception based on non-zero search space	Moderator (OPPO)
Decision: As per email decision posted on Nov 19th, the draft LS is endorsed. Final LS is approved in R1-2112765.

RAN1 thanks RAN2 for the discussions and questions on RMSI reception based on non-zero search space. 	

[bookmark: OLE_LINK1]RAN1 has discussed the issue and it is RAN1’s understanding that for the cases when the dedicated BWP for a UE in RRC connected states does not include the cell-defining SSB and a non-zero search space set is configured for SIB1 reception, there is no need to define a mapping between PDCCH monitoring occasions and SSB(s). For monitoring this search space set, the QCL assumption is determined as descried in 10.1 of 38213.
 

	NTT DOCOMO
	No
	We share the same understanding with Qualcomm.
Changing the UE behaviour/assumption on Type-0 PDCCH monitoring based on non-zero search space from Rel-17 will be problematic for NW.

	ZTE
	No
	Previously, RAN1 and RAN2 have discussed this issue and the conclusion is included in the RAN1 LS R1-1809810.
Per the LS, RAN1 has clarified that “The UE can be configured with TCI states for the additional CORESET/search space to enable SI broadcast reception.”. Based on this, the TCI state for CORESET for SIB1 reception with non-zero SS index can be configured by RRC signalling and indicated by MAC-CE. In this case, UE needs to monitor all the monitoring occasions following the TCI states configured and indicated for the CORESET with non-zero SS for SIB1 reception.

	Nokia, NSB
	No
	Thank you Qualcomm and ZTE for providing the earlier references. The proposal seems to suggest narrowing down the monitoring from what the existing specification interpretation should be. As noted by DOCOMO this would be problematic for the network.

	[bookmark: OLE_LINK507]MTK (moderator)
	[bookmark: OLE_LINK515]Summary for Discussion point 1
	[bookmark: OLE_LINK508]It seems most of the companies share the same view as Qualcomm/ZTE that the UE behavior is already well-defined.
Qualcomm quotes a RAN1 LS (R1-2112681) saying that:
· “RAN1 thanks RAN2 for the discussions and questions on RMSI reception based on non-zero search space. RAN1 has discussed the issue and it is RAN1’s understanding that for the cases when the dedicated BWP for a UE in RRC connected states does not include the cell-defining SSB and a non-zero search space set is configured for SIB1 reception, there is no need to define a mapping between PDCCH monitoring occasions and SSB(s). For monitoring this search space set, the QCL assumption is determined as descried in 10.1 of 38213.”
ZTE quotes RAN1 LS (R1-1809810) saying that:
· “The UE can be configured with TCI states for the additional CORESET/search space to enable SI broadcast reception.”
and hence the TCI state for CORESET for SIB1 reception with non-zero SS index can be configured by RRC signalling and indicated by MAC-CE. In this case, UE needs to monitor all the monitoring occasions following the TCI states configured and indicated for the CORESET with non-zero SS for SIB1 reception.
Moderator hence suggests to reject the proposal 1 from [1, MTK] for R17. 
Companies can further reply in this table before 8/23 (Wed.) 11:00 am France time, to continue the discussion.

	MediaTek
	
	Thank QC for providing the reply LS and all other companies that have responded to the discussion. 
We checked the email discussion in RAN1#107e but still we have failed to capture any technical reasons why SIB1 was “designed” in a way that was not consistent with OSI/paging in non-zero CSS in terms of mapping between SSBs and PDCCH MOs. In our opinion, the discussion focused more on the “TCI state” than on the mapping. In that sense, we don’t think the mapping aspect was discussed extensively enough and was not justified why SIB1 had to be different than others. 
Regarding the comment that this change would be problematic to NW, it is a fair argument from the spec perspective. However, we are not sure this is indeed be problematic in the real world. For Rel-15 and Rel-16, SIB1 has been transmitted in CSS#0 since BWP always contains CD-SSB (as specified in FG 6-1). As far as we know, SIB1 transmitting on non-zero CSS has not been really considered in field until Rel-17 for RedCap. Hence, we are not convinced that this CR would be problematic to NW when the scenario has not been even considered/implemented in field for Rel-15/16.  
Anyway, as compromise, we are OK to withdraw this CR. Thanks again for the discussion. 

	MTK (moderator)
	2nd summary for Discussion point 1
	As the proponent is fine to withdraw this CR, the proposal 1 from [1, MTK] for R17 can be rejected. 
This discussion point can be closed.



Discussion point 2:
Do you support the R17 CR proposal from [2, MTK] (CR text copied above Discussion point 1) to 38.213 V17.6.0 Clause 10.1 to address the issue mentioned in Discussion point 1?

If your answer is “No”, Please assist to elaborate on your reason, or suggested text revision, or suggested alternate solution.
	Company
	Yes or No
	Comment

	MTK
	Yes
	We think the proposed CR is one straightforward method to address the issue mentioned in Discussion point 1.

	Qualcomm
	No
	We think we should follow the agreement.

	NTT DOCOMO
	No
	As explained above, the CR would cause the issue to NW due to different UE behaviour/assumption from Rel-15.

	ZTE
	No
	See the comments for the previous question.

	Nokia, NSB
	No
	See the comments to discussion point 1.

	MTK (moderator)
	Summary for Discussion point 2
	As elaborated in “Summary for Discussion point 1” in the table of Discussion point 1, moderator here suggests to reject the CR proposal from [2, MTK] for R17. 
Companies can further reply in this table before 8/23 (Wed.) 11:00 am France time, to continue the discussion.

	MediaTek
	
	See our comments above. Thanks for the discussion and we are OK to withdraw the CR. 

	MTK (moderator)
	2nd summary for Discussion point 2
	As the proponent is fine to withdraw this CR, the proposed CR from [2, MTK] for R17 can be rejected. 
This discussion point can be closed.


Resulted RAN1 conclusion/agreement (phase 2)
There is no RAN1 conclusion/agreement achieved in this meeting.

For the mentioned issue from [1, 2, MTK] for R17 potential CR, it seems all companies except the proponent share the same view as Qualcomm/ZTE with their quoted LSs that the UE behavior is well-defined and it is not proper to define new UE behaviors at least for R17.

As the proponent is fine to withdraw the CR for R17, the proposed CR from [2, MTK] for R17 is hence rejected.

At the same time, the proponent (MTK) mentions that:
· “We checked the email discussion in RAN1#107e but still we have failed to capture any technical reasons why SIB1 was “designed” in a way that was not consistent with OSI/paging in non-zero CSS in terms of mapping between SSBs and PDCCH MOs. In our opinion, the discussion focused more on the “TCI state” than on the mapping. In that sense, we don’t think the mapping aspect was discussed extensively enough and was not justified why SIB1 had to be different than others.”
From proponent’s view, the current design (on Type0-PDCCH monitoring on non-zero common search space) caused UE power waste and can be possibly enhanced in future releases after R17.

For reference:
Qualcomm quotes a RAN1 LS (R1-2112681) saying that:
· “RAN1 thanks RAN2 for the discussions and questions on RMSI reception based on non-zero search space. RAN1 has discussed the issue and it is RAN1’s understanding that for the cases when the dedicated BWP for a UE in RRC connected states does not include the cell-defining SSB and a non-zero search space set is configured for SIB1 reception, there is no need to define a mapping between PDCCH monitoring occasions and SSB(s). For monitoring this search space set, the QCL assumption is determined as descried in 10.1 of 38213.”
ZTE quotes RAN1 LS (R1-1809810) saying that:
· “The UE can be configured with TCI states for the additional CORESET/search space to enable SI broadcast reception.”
and hence the TCI state for CORESET for SIB1 reception with non-zero SS index can be configured by RRC signalling and indicated by MAC-CE. In this case, UE needs to monitor all the monitoring occasions following the TCI states configured and indicated for the CORESET with non-zero SS for SIB1 reception.

Summary of contribution inputs
[bookmark: OLE_LINK361]In [1, MTK], it is mentioned that in Rel-17, RedCap UEs may be configured with NCD-SSB instead of CD-SSB in a dedicated DL BWP. In this case, RAN2 has agreed that RedCap UEs can acquire SI updates or ETWS/CMAS message by the following three options.

	Agreement
· RedCap UEs in RRC Connected only need to support the following three options for acquiring SI update or ETWS/CMAS message in a dedicated DL BWP that does not contain CD-SSB:
· Option1: From CSS for SIBs configured within this DL BWP;  
· Option2: Via dedicated signaling;
· Option3: Switched by network (either DCI or RRC) to an initial DL BWP where SIBs are sent;



With Option 1, the CSS configured in this DL BWP without CD-SSB can have a non-zero SearchSpaceID. While the mapping between PDCCH monitoring occasions (MOs) and SSBs is clearly defined in Clause 13 of TS38.213 when searchSpaceSIB1 is configured in common search space (CSS) with a zero index, the mapping is not defined for the case when searchSpaceSIB1 is configured in non-zero CSS. 
	[Clause 13, TS38.213]
If a UE is provided a zero value for searchSpaceID in PDCCH-ConfigCommon for a Type0/0A/2-PDCCH CSS set, or is provided a zero value for searchSpaceMCCH or searchSpaceMTCH, the UE determines monitoring occasions for PDCCH candidates of the Type0/0A/2-PDCCH CSS set as described in clause 13, and the UE is provided a C-RNTI, the UE monitors PDCCH candidates only at monitoring occasions associated with a SS/PBCH block, where the SS/PBCH block is determined by the most recent of 
-	a MAC CE activation command indicating a TCI state of the active BWP that includes a CORESET with index 0, as described in [6, TS 38.214], where the TCI-state includes a CSI-RS which is quasi-co-located with the SS/PBCH block, or 
-	a random access procedure that is not initiated by a PDCCH order that triggers a contention-free random access procedure
If a UE monitors PDCCH candidates for DCI formats with CRC scrambled by a C-RNTI and the UE is provided a non-zero value for searchSpaceID in PDCCH-ConfigCommon for a Type0/0A/2-PDCCH CSS set, or monitors PDCCH candidates for DCI formats with CRC scrambled by a MCCH-RNTI or a G-RNTI for broadcast and the UE is provided a non-zero value for searchSpaceMCCH and searchSpaceMTCH in PDCCH-ConfigCommon for a Type0/0B-PDCCH CSS set, the UE determines monitoring occasions for PDCCH candidates of the Type0/0A/2-PDCCH CSS set, or of the Type0/0B-PDCCH set, respectively, based on the search space set associated with the value of searchSpaceID. 


Observation 1: When searchSpaceSIB1 is configured in CSS#0, the mapping between Type0-PDCCH monitoring occasions (MOs) and SSBs is defined in Clause 13 of TS38.213. But the mapping is not defined when searchSpaceSIB1 is configured in CSS with a non-zero index. 

For other system information (OSI) scheduled by Type0A-PDCCH, when it is transmitted in CSS#0, the mapping between MOs and SSBs is same as Type0-PDCCH defined in Clause 13 of TS38.213. When Type0A-PDCCH is configured in CSS with a non-zero index, the mapping between MOs and SSBs is defined in Clause 5.2.2.3.2 of TS38.331 as copied below. 
	[Clause 5.2.2.3.2, TS 38.331]
For SI message acquisition PDCCH monitoring occasion(s) are determined according to searchSpaceOtherSystemInformation. If searchSpaceOtherSystemInformation is set to zero, PDCCH monitoring occasions for SI message reception in SI-window are same as PDCCH monitoring occasions for SIB1 where the mapping between PDCCH monitoring occasions and SSBs is specified in TS 38.213[13]. If searchSpaceOtherSystemInformation is not set to zero, PDCCH monitoring occasions for SI message are determined based on search space indicated by searchSpaceOtherSystemInformation. PDCCH monitoring occasions for SI message which are not overlapping with UL symbols (determined according to tdd-UL-DL-ConfigurationCommon) are sequentially numbered from one in the SI window. The [x×N+K]th PDCCH monitoring occasion (s) for SI message in SI-window corresponds to the Kth transmitted SSB, where x = 0, 1, ...X-1, K = 1, 2, …N, N is the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1 and X is equal to CEIL(number of PDCCH monitoring occasions in SI-window/N). The actual transmitted SSBs are sequentially numbered from one in ascending order of their SSB indexes. The UE assumes that, in the SI window, PDCCH for an SI message is transmitted in at least one PDCCH monitoring occasion corresponding to each transmitted SSB and thus the selection of SSB for the reception SI messages is up to UE implementation.


Observation 2: When Type0A-PDCCH for OSI is configured in CSS#0, the mapping between Type0A-PDCCH monitoring occasions (MOs) and SSBs is defined in Clause 13 of TS38.213. When Type0A-PDCCH is configured in CSS with a non-zero index, the mapping is defined in Clause 5.2.2.3.2 of TS38.331. 

Furthermore, in TS38.331, it is noted that a UE in RRC_CONNECTED is only required to acquire broadcasted SIB1 if the broadcast and unicast beams are QCL’ed. 
	[Clause 5.2.2.3.1, TS 38.331]
NOTE 1: The UE in RRC_CONNECTED is only required to acquire broadcasted SIB1 and MBS broadcast if the UE can acquire it without disrupting unicast or MBS multicast data reception, i.e., the broadcast and unicast/MBS multicast beams are quasi co-located. 


Observation 3: According to TS38.331, UE in RRC_CONNECTED is only required to acquire broadcasted SIB1 if the broadcast and unicast beams are QCL’ed. With the undefined mapping, UE hence needs to monitor monitoring occasions that are not qusi co-located with its unicast beam and causes unnecessary UE power consumption.

The identified cases and corresponding specification sections are summarized in Table 1 where one can clearly see that the mapping between PDCCH monitoring occasions and SSBs is not defined for the case when SIB1is transmitted on non-zero CSS. 
[bookmark: _Ref142666680]Table 1: Type0/0A-PDCCH in specification 
	
	Specification
	SSBs v.s. Type0-PDCCH MOs

	SIB1 on CSS#0
	38.213, Clause 13 
(Tables 13-11~13-15)
	One SSB mapping to corresponding MO in continuous 2 slots

	Other SIBs on CSS#0
	38.213, Clause 13 
(Tables 13-11~13-15)
	One SSB mapping to corresponding MO in continuous 2 slots in SI-Window

	SIB1 on non-zero CSS
	38.213, Clause 13
	Not defined 

	Other SIBs on non-zero CSS
	38.331, Clause 5.2.2.3.2
	One MO mapping to one SSB index in sequence in SI-Window



The following solution is hence proposed in [1] and the corresponding R17 CR text to 38.213 10.1 is proposed in [2]:

[bookmark: _Ref142667185]Proposal 1: For the mapping between Type0-PDCCH monitoring occasions and SSBs when Type0-PDCCH is transmitted on a common search space set with a non-zero index, adopt the solution similar to that for Type0A-PDCCH. 

[38.213 V17.6.0]
10.1	UE procedure for determining physical downlink control channel assignment
[… Unchanged text omitted …]
If a UE monitors PDCCH candidates for DCI formats with CRC scrambled by a C-RNTI and the UE is provided a non-zero value for searchSpaceID in PDCCH-ConfigCommon for a Type0/0A/2-PDCCH CSS set, or monitors PDCCH candidates for DCI formats with CRC scrambled by a MCCH-RNTI or a G-RNTI for broadcast and the UE is provided a non-zero value for searchSpaceMCCH and searchSpaceMTCH in PDCCH-ConfigCommon for a Type0/0B-PDCCH CSS set, the UE determines monitoring occasions for PDCCH candidates of the Type0/0A/2-PDCCH CSS set, or of the Type0/0B-PDCCH set, respectively, based on the search space set associated with the value of searchSpaceID. For Type0A-PDCCH CSS set, UE determines monitoring occasions for PDCCH candidates associated with a SS/PBCH block as described in Clause 5.2.2.3.2 of TS38.331. For Type2-PDCCH CSS set, UE determines monitoring occasions for PDCCH candidates associated with a SSB/PBCH as described in Clause 7.1 of TS38.304. For Type0-PDCCH CSS set, UE determines monitoring occasions for PDCCH candidates associated with a SS/PBCH blocks as follows.  
· In one period of the search space set, PDCCH monitoring occasions which are not overlapping with UL symbols (determined according to tdd-UL-DL-ConfigurationCommon) are sequentially numbered from one. The [x×N+K]th PDCCH monitoring occasion (s) in one period of the search space set corresponds to the Kth transmitted SSB, where x = 0, 1, ...X-1, K = 1, 2, …N, N is the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1 and X is equal to CEIL(number of PDCCH monitoring occasions in one period of the search space set/N). The actual transmitted SSBs are sequentially numbered from one in ascending order of their SSB indexes. The UE assumes that, in one period of the search space set, Type0-PDCCH is transmitted in at least one PDCCH monitoring occasion corresponding to each transmitted SSB.

References
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