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1 Discussion
In NR each PO consists of 'S' consecutive PDCCH monitoring occasions for paging where 'S' is the number of actual transmitted SSBs. So there are basically two approaches for extending PO:
Approach 1: 

Extended PO incudes ‘S×X’ consecutive PDCCH monitoring occasions for paging, where 'S' is the number of actual transmitted SSBs and ‘X’ is the number of PDCCH monitoring occasions per SSB. Parameter 'X' is signaled in paging configuration (i.e. pcch-Config).
This approach assumes that the gap (if needed) between each set of 'S' PDCCH monitoring occasions in extended PO can be controlled by network using the paging search space parameters. There is no need to signal any additional parameter for the same.

Approach 2: 
Extended PO is ‘X’ subsets of PDCCH monitoring occasions where each subset includes 'S' consecutive PDCCH monitoring occasions. 'S' is the number of actual transmitted SSBs. Parameter 'X' is signaled in paging configuration (i.e. pcch-Config).
Starting PDCCH monitoring occasion number of each subset of PDCCH monitoring occasions in a PO is explicitly signaled. 
· New parameter firstPDCCH-MonitoringOccasionOfPMO-SubsetInPO is introduced. It is signaled in SIB 1 for paging in initial DL BWP. For paging in a DL BWP other than the initial DL BWP, the parameter firstPDCCH-MonitoringOccasionOfPMO-SubsetInPO is signaled in the corresponding BWP configuration.
In both the approaches total number of PDCCH monitoring occasions in a PO is ‘S×X’. The main difference is that in approach 2 signals starting PDCCH monitoring occasion number of each subset of ‘S’ PDCCH monitoring occasions in a PO whereas in approach 1 it is not signaled.
Q1. Do you support configuring starting PDCCH monitoring occasion number of each subset of ‘S’ PDCCH monitoring occasions in extended PO?
Note that approach 1 is used if answer to Q1 is ‘NO’. Approach 2 is used if answer to Q1 is ‘YES’
	Company
	Response
	Additional comments

	Samsung
	NO
	Approach 1 is sufficient.

	MediaTek
	NO, but
	Approach 1 is sufficient with some additions

	Huawei
	NO
	Having a gap between PDCCH monitoring occasions might be good for benefiting from diversity of channel status, it would be difficult to determine an optimal value for the gap as the timing of channel occupied by another node could be random. If the gap is needed, the positions of extended PDCCH monitoring occasions can be indicated with existing paging searching space parameters, the only parameter needs to be added to the indication is value X.

	Convida
	NO
	The paging search space provides enough flexibility in configuring the PDCCH monitoring occasions in the extended PO.

	ITRI
	No
	Approach 1 should be sufficient.

	Nokia
	
	We understood approach 1 was already agreed in last meeting although we supported approach 2. We would prefer not to go to approach 2 anymore but stick to agreement to do approach 1.

	vivo
	No
	The gap for the PDCCH monitoring occasion can be controlled by the current searching space configuration.

	Ericsson
	YES
	It may be useful to allow for larger gaps between the PDCCH monitoring occasion (PMO) subsets within the extended PO. With the slot periodicity for the pagingSeachSpace it may not be possible to create gaps between different PMO subsets as desired.

The approach based on the pagingSearchSpace is based on the assumption that each pagingSearchSpace period contains X PMOs. However, not all PMOs defined by the pagingSearchSpace will actually be utilized. The ones overlapping with UL symbols are ignored (as per TS 38.304) and unless the number of occurrences of such PMO-UL symbol overlaps is the same in every pagingSearchSpace period, the configured gaps will not always occur between subsets, but may occur between PMOs within the same subset.

To account for this, one would have to specify that the start of a pagingSearchSpace period defines the start of a subset of PMOs and configure superfluous PMOs per pagingSearchSpace period to proactively compensate for PMOs being skipped by UL symbols. This would work, but the consequence would be that configuring consecutive subsets without gaps in between will not automatically work (because of the superfluous PMOs per pagingSearchSpace period). (Another side effect of such a PMO subset definition would be that unless the paging DRX cycle is a multiple of the pagingSearchSpace period, the PMO subsets will have different offsets from the start of the paging window in different consecutive occurrences of the paging window.)
The firstPDCCH-MonitoringOccasionOfPMO-SubsetInPO parameter removes the above issues.

And note that if the firstPDCCH-MonitoringOccasionOfPMO-SubsetInPO parameter is made optional, an operator is free to not configure it and then approach 2 turns into approach 1. 

	OPPO
	No
	

	Intel
	No
	We do not see the need to introduce further gap between PDCCH monitoring occasions for LBT. Only X needs to be configured to the UE by the network, on top of the existing paging search space configuration.

	InterDigital
	No
	Approach 1 is sufficient and simple.

	LG
	NO
	Approach 1 is sufficient.

	Fujitsu 
	Yes
	Approach 2 is used.


Summary: 
Majority view (11:2) is that there is no need to configure starting PDCCH monitoring occasion number of each subset of ‘S’ PDCCH monitoring occasions in PO. So approach 1 can be used for configuring additional PDCCH monitoring occasions in PO.
Q2. Do you have any comments on TP (as described in annexure 1) for approach 1? If yes, provide your comments in Table below. Note that approach 1 is used if answer to Q1 is ‘NO’.
	Company
	Comments

	MediaTek
	Network can configure the extended POs (PDCCH monitoring occasions). However, in that case, the network needs to ensure that the gaps between any two consecutive PO should satisfy the MCOT restriction.

	Nokia
	We would need to add stopping condition in to the CR – At least P-RNTI is already agreed and should be captured e.g. text “UE may stop monitoring additional monitoring occasions if UE detects P-RNTI”
Then regarding X – I guess we could have it configurable in RRC. It would be extremely difficult to have fixed value fitting all scenarios. 

Then regarding this “and ‘X’ is the number of PDCCH monitoring occasions per SSB”. Would it be better to refer to PO instead of SSB i.e. “and ‘X’ is the number of PDCCH monitoring occasions per PO”. Also probably renaming X to something bit more describing could be nice e.g. numberOfMonitoringOccasionsPerPO (at least in RRC where we could then mention that parameter is parameter X in the 38.304)  .And listing the parameter in the first paragraph of the paging:

The PDCCH monitoring occasions for paging are determined according to pagingSearchSpace as specified in TS 38.213 [4], firstPDCCH-MonitoringOccasionOfPO and numberOfMonitoringOccasionsPerPO if configured as specified in TS 38.331 [3]. When SearchSpaceId = 0 is configured for pagingSearchSpace, the PDCCH monitoring occasions for paging are same as for RMSI as defined in clause 13 in TS 38.213 [4].


Q3. Do you have any comments on TP (as described in annexure 2) for approach 2? If yes, provide your comments in Table below. Note that approach 2 is used if answer to Q1 is ‘YES’.
	Company
	Comments

	Ericsson
	Samsung has written:

“For X > 1, when firstPDCCH-MonitoringOccasionOfPMO-SubsetInPO is present, the starting PDCCH monitoring occasion number of the ith set of PDCCH monitoring occasions in the (i_s + 1)th PO is the [(i-1)+i_s*(X-1)]th value of the firstPDCCH-MonitoringOccasionOfPMO-SubsetInPO parameter;”

This is correct, if you assume that there is no need for a value of the firstPDCCH-MonitoringOccasionOfPMO-SubsetInPO parameter
 to indicate the start of the first set of PDCCH monitoring occasions in each PO. Otherwise, which is more straightforward to understand for a reader, it should be the [i + i_s*X]th value of the firstPDCCH-MonitoringOccasionOfPMO-SubsetInPO parameter
.


2 Conclusion

Based on the discussion above, following is proposed.
Proposal 1: PO consists of ‘S × X’ PDCCH monitoring occasions for paging, where 'S' is the number of actual transmitted SSBs and X is the number of PDCCH monitoring occasions per SSB. 

Proposal 2: Parameter 'X' is signaled in paging configuration (i.e. pcch-Config).
Proposal 3: Adopt the TP in Annexure 1.
Annexure 1 - 38.304 TP for Approach 1
<Start of modification>
7.1
Discontinuous Reception for paging
The PDCCH monitoring occasions for paging are determined according to pagingSearchSpace as specified in TS 38.213 [4],firstPDCCH-MonitoringOccasionOfPO and X if configured as specified in TS 38.331 [3]. When SearchSpaceId = 0 is configured for pagingSearchSpace, the PDCCH monitoring occasions for paging are same as for RMSI as defined in clause 13 in TS 38.213 [4].

When SearchSpaceId = 0 is configured for pagingSearchSpace, Ns is either 1 or 2. For Ns = 1, there is only one PO which starts from the first PDCCH monitoring occasion for paging in the PF. For Ns = 2, PO is either in the first half frame (i_s = 0) or the second half frame (i_s = 1) of the PF.

When SearchSpaceId other than 0 is configured for paging-SearchSpace, the UE monitors the (i_s + 1)th PO. A PO is a set of 'S*X' consecutive PDCCH monitoring occasions where 'S' is the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1 and ‘X’ is the number of PDCCH monitoring occasions per SSB. The [x*S+K]th PDCCH monitoring occasion for paging in the PO corresponds to the Kth transmitted SSB, where x = 0, 1, ...X-1, K =  1, 2, …S. The PDCCH monitoring occasions for paging which do not overlap with UL symbols are sequentially numbered from zero starting from the 1st PDCCH monitoring occasion in the PF.  When firstPDCCH-MonitoringOccasionOfPO is present, the starting PDCCH monitoring occasion number of (i_s + 1)th PO is the (i_s + 1)th value of the firstPDCCH-MonitoringOccasionOfPO parameter; otherwise, it is equal to i_s * S*X.
NOTE:  A PO associated with a PF may start in the PF or after the PF.

NOTE:
The PDCCH monitoring occasions for a PO can span multiple radio frames. When SearchSpaceId other than 0 is configured for paging-SearchSpace the PDCCH monitoring occasions for a PO can span multiple periods of the paging search space.
The following parameters are used for the calculation of PF and i_s above:

T: DRX cycle of the UE (T is determined by the shortest of the UE specific DRX value, if configured by RRC or upper layers, and a default DRX value broadcast in system information. If UE specific DRX is not configured by RRC or by upper layers, the default value is applied).
N: number of total paging frames in T
Ns: number of paging occasions for a PF
PF_offset: offset used for PF determination

UE_ID: 5G-S-TMSI mod 1024
Parameters Ns, nAndPagingFrameOffset, X and the length of default DRX Cycle are signaled in SIB1. The default value of parameter X is 1, if not configured. The values of N and PF_offset are derived from the parameter nAndPagingFrameOffset as defined in TS 38.331 [3]. The parameter first-PDCCH-MonitoringOccasionOfPO is signalled in SIB1 for paging in initial DL BWP. For paging in a DL BWP other than the initial DL BWP, the parameter first-PDCCH-MonitoringOccasionOfPO is signaled in the corresponding BWP configuration.

If the UE has no 5G-S-TMSI, for instance when the UE has not yet registered onto the network, the UE shall use as default identity UE_ID = 0 in the PF and i_s formulas above.

5G-S-TMSI is a 48 bit long bit string as defined in TS 23.501 [10]. 5G-S-TMSI shall in the formulae above be interpreted as a binary number where the left most bit represents the most significant bit.

<End of modification>
Annexure 2 - 38.304 TP for Approach 2
<Start of modification>
2.1 Discontinuous Reception for paging

The UE may use Discontinuous Reception (DRX) in RRC_IDLE and RRC_INACTIVE state in order to reduce power consumption. The UE monitors one paging occasion (PO) per DRX cycle. A PO is a set of PDCCH monitoring occasions and can consist of multiple time slots (e.g. subframe or OFDM symbol) where paging DCI can be sent (TS 38.213 [4]). One Paging Frame (PF) is one Radio Frame and may contain one or multiple PO(s) or starting point of a PO.

In multi-beam operations, the UE assumes that the same paging message and the same Short Message are repeated in all transmitted beams and thus the selection of the beam(s) for the reception of the paging message and Short Message is up to UE implementation. The paging message is same for both RAN initiated paging and CN initiated paging.
The UE initiates RRC Connection Resume procedure upon receiving RAN initiated paging. If the UE receives a CN initiated paging in RRC_INACTIVE state, the UE moves to RRC_IDLE and informs NAS.

The PF and PO for paging are determined by the following formulae:

SFN for the PF is determined by:

(SFN + PF_offset) mod T = (T div N)*(UE_ID mod N)

Index (i_s), indicating the index of the PO is determined by:

The PDCCH monitoring occasions for paging are determined according to pagingSearchSpace as specified in TS 38.213 [4] and, if configured, firstPDCCH-MonitoringOccasionOfPO, firstPDCCH-MonitoringOccasionOfPMO-SubsetInPO and extensionFactorForPO as specified in TS 38.331 [3]. When SearchSpaceId = 0 is configured for pagingSearchSpace, the PDCCH monitoring occasions for paging are same as for RMSI as defined in clause 13 in TS 38.213 [4].

When SearchSpaceId = 0 is configured for pagingSearchSpace, Ns is either 1 or 2. For Ns = 1, there is only one PO which starts from the first PDCCH monitoring occasion for paging in the PF. For Ns = 2, PO is either in the first half frame (i_s = 0) or the second half frame (i_s = 1) of the PF.

When SearchSpaceId other than 0 is configured for pagingSearchSpace, the UE monitors the (i_s + 1)th PO. A PO consists of X sets of  consecutive PDCCH monitoring occasions with each set containing S PDCCH monitoring occasions where 'S' is the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1 and X is determined by extensionFactorForPO if configured, otherwise X equals to 1. The [x*S+K]th PDCCH monitoring occasion for paging in the PO corresponds to the Kth transmitted SSB, where x = 0, 1, …X-1 and K = 1, 2, ...S.  The PDCCH monitoring occasions for paging which do not overlap with UL symbols (determined according to tdd-UL-DL-ConfigurationCommon) are sequentially numbered from zero starting from the first PDCCH monitoring occasion for paging in the PF. When firstPDCCH-MonitoringOccasionOfPO is present, the starting PDCCH monitoring occasion number of the 1st set of PDCCH monitoring occasion in the (i_s + 1)th PO is the (i_s + 1)th value of the firstPDCCH-MonitoringOccasionOfPO parameter; otherwise, it is equal to (i_s * S *X). For X > 1, when firstPDCCH-MonitoringOccasionOfPMO-SubsetInPO is present, the starting PDCCH monitoring occasion number of the ith set of PDCCH monitoring occasions in the (i_s + 1)th PO is the [(i-1)+i_s*(X-1)]th value of the firstPDCCH-MonitoringOccasionOfPMO-SubsetInPO parameter
; otherwise, the starting PDCCH monitoring occasion number of the ith set of PDCCH monitoring occasions in the (i_s + 1)th PO is equal to (i_s * S * X) + (i-1)*S, where i = 2, …X.

NOTE 1:
A PO associated with a PF may start in the PF or after the PF.

NOTE 2:
The PDCCH monitoring occasions for a PO can span multiple radio frames. When SearchSpaceId other than 0 is configured for paging-SearchSpace the PDCCH monitoring occasions for a PO can span multiple periods of the paging search space.
The following parameters are used for the calculation of PF and i_s above:

T: DRX cycle of the UE (T is determined by the shortest of the UE specific DRX value(s), if configured by RRC and/or upper layers, and a default DRX value broadcast in system information. If UE specific DRX is not configured by RRC or by upper layers, the default value is applied).
N: number of total paging frames in T
Ns: number of paging occasions for a PF
PF_offset: offset used for PF determination

UE_ID: 5G-S-TMSI mod 1024
Parameters Ns, nAndPagingFrameOffset, and the length of default DRX Cycle are signaled in SIB1. The values of N and PF_offset are derived from the parameter nAndPagingFrameOffset as defined in TS 38.331 [3]. The parameters first-PDCCH-MonitoringOccasionOfPO, firstPDCCH-MonitoringOccasionOfPMO-SubsetInPO and extensionFactorForPO are signalled in SIB1 for paging in initial DL BWP. For paging in a DL BWP other than the initial DL BWP, the parameters first-PDCCH-MonitoringOccasionOfPO, firstPDCCH-MonitoringOccasionOfPMO-SubsetInPO and extensionFactorForPO are signaled in the corresponding BWP configuration.
If the UE has no 5G-S-TMSI, for instance when the UE has not yet registered onto the network, the UE shall use as default identity UE_ID = 0 in the PF and i_s formulas above.

5G-S-TMSI is a 48 bit long bit string as defined in TS 23.501 [10]. 5G-S-TMSI shall in the formulae above be interpreted as a binary number where the left most bit represents the most significant bit.

<End of modification>
��This is correct if you assume that there is no need for a value of the firstPDCCH-MonitoringOccasionOfPMO-SubsetInPO parameter� to indicate the start of the first set of PDCCH monitoring occasions in each PO. Otherwise, which is more straightforward to understand for a reader, it should be the [i + i_s*X]th value of the firstPDCCH-MonitoringOccasionOfPMO-SubsetInPO parameter�.





�In the original Ericson draft CR, text was 


“When firstPDCCH-MonitoringOccasionOfPMO-SubsetInPO is present, the starting PDCCH monitoring occasion number of the (i_x + 1)th subset of PDCCH monitoring occasions in the (i_s + 1)th PO is the [(i_x + 1) *(i_s + 1)]th value of the firstPDCCH-MonitoringOccasionOfPMO-SubsetInPO parameter; otherwise, it is equal to (i_s * S * X)”





However this text seems not correct. 


When firstPDCCH-MonitoringOccasionOfPMO-SubsetInPO is not present and X > 1, each subset cannot start at (i_s * S * X). 1st subset starts at (i_s * S * X), 2nd subset starts from (i_s * S * X) + S, 3rd subset starts from (i_s * S * X) + 2S and so on..





 firstPDCCH-MonitoringOccasionOfPMO-SubsetInPO is a list of starting PDCCH monitoring occasion numbers for subsets in each PO. Assuming i_x = 0, …..X-1, X = 4, For PO1 (i_s = 0), starting PDCCH monitoring occasion number for each subset is given by [i_x+1][i_s+1] = 1st, 2nd, 3rd and 4th entry in firstPDCCH-MonitoringOccasionOfPMO-SubsetInPO, which is correct. 








For PO2 (i_s = 1), starting PDCCH monitoring occasion numbers for subsets is given by [i_x+1][i_s+1] = 2nd, 4th, 6th and 8th entry in firstPDCCH-MonitoringOccasionOfPMO-SubsetInPO, which is incorrect. Its should be 5th, 6th, 7th and 8th entry in firstPDCCH-MonitoringOccasionOfPMO-SubsetInPO





 Since firstPDCCH-MonitoringOccasionOfPO already indicates starting PDCCH monitoring occasion number of PO i.e. it can be regarded as starting PDCCH monitoring occasion number of 1st subset. So firstPDCCH-MonitoringOccasionOfPMO-SubsetInPO needs to indicate starting PDCCH monitoring occasion numbers of only the remaining subsets.





So I have updated the TP.





