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1. Introduction
RAN2#105 has agreed on configuring additional paging monitoring occasions as follows:
· A UE can be configured for an additional number of monitoring occasions at or after or before (FFS) its calculated PO (when the paging message can be transmitted)

· FFS dynamic extension

· FFS dynamic termination 

RAN2#105bis has discussed when to stop paging monitoring and the following was agreed:

· As a starting point: If UE receives on PDCCH addressed to P-RNTI in a PDCCH monitoring occasion for paging corresponding to an SSB in a PO, UE is not required to monitor subsequent PDCCH monitoring occasions corresponding to that SSB in that PO

The issue was further discussed in RAN2#106 and the following was agreed:

· The UE should also stop monitoring paging for the PO even if it does not decode a P-RNTI if it can detect that the gNB had access to the channel at the pdcch monitoring occasion. FFS if there are additional detection methods to detection of PRNTI and what those are. 

When the topic was discussed again in RAN2#107, RAN2 decided that the reliability for detection of other downlink signals should be checked with RAN1 and an LS was sent. The response LS [1] indicates that other signals can be detected with similar reliability to a P-RNTI DCI; in particular RAN1 has noted:
There are other signals/channels that can be detected with similar reliability to a DCI with CRC scrambled with a P-RNTI (e.g., PDCCHs with CRC scrambled with other RNTIs)

Based on the RAN1 LS, RAN2#108 has further discussed options for stopping paging. Several options considering to use PDCCH DCI other than P-RNTI as well as using the building upon the existing paging messages were discussed. The Chair notes captured the following: 
The UE can determine whether it should monitor additional PDCCH monitoring occasions within a PO if it detects a PDCCH addressed to an RNTI other than P-RNTI.

How to indicate:

Option 1: additional indication per UE in the paging message on whether to continue monitoring 

Option 2: additional indication in the DCI whether to continue monitoring on PDCCH.  GC-PDCCH or using existing short paging message 

Option 3: using existing signalling (e.g. GC-PDCCH – COT SI)

Option 4: gNB configures the minimum number of occasions the UE should monitor

-InterDigital and Qualcomm understand that we can have multiple options

The agreement as captured in the Chair notes as follows mention monitoring PDCCH “other than P-RNTI”. The second part of the agreement clarifies that this will be based on the existing signalling and mechanisms.
Agreement

1 The UE can determine whether it should monitor additional PDCCH monitoring occasions using a mechanism other than just P-RNTI.   We will use existing signalling/mechansims to indicate (e.g. in the paging message itself, short message in the DCI) [CB on Wednesday ]

This document aims to get a common understanding and get a consensus on an agreeable way forward.
2. Discussion
Since the online agreement mentions building upon “existing signalling/mechanisms”, it would be good to clarify what these are. The following were proposed in different contributions and online discussion:
1. Paging message 

2. Short message 

3. Modified DCI addressed to P-RNTI 

4. GC-PDCCH which includes COT information (a.k.a. COT-SI)
We note that in RAN1 discussions, (WB-)DM-RS detection was also one of the considered options for UE detecting gNB access. However, there was no agreement on this. This was also not discussed in any of the RAN2 papers and thus was not included here.

Question 1: Do you agree that the above list includes the considered options? If not, please add other ones.
	Company
	Response
	Additional Comments

	OPPO
	Option2
	We think it would be good to reuse the existing signaling/mechanisms as we agreed.

For option 3/4/5, it would have impact on RAN1, considering this is the last meeting for RAN1, it’s not desired.

It should be noted that for GC-PDCCH indicating COT-SI, it’s not even agreed in RAN1 to have this in RRC IDLE mode.

	Samsung
	Yes
	

	MediaTek
	Yes
	

	vivo
	Yes
	

	ZTE
	Yes
	

	Panasonic
	Yes
	

	Convida
	Yes
	

	Asia Pacific Telecom (APT)
	Yes
	

	ITRI
	Yes
	

	InterDigital
	Yes
	

	Intel
	Yes
	

	LG
	Yes
	

	Ericsson
	Yes
	


Conclusion: All the companies agree that we can consider only these options.
Proposal 1: RAN2 should limit the options for stopping paging based on the following signals:

1. Paging message 

2. Short message 

3. Modified DCI addressed to P-RNTI 

4. GC-PDCCH which includes COT information (a.k.a. COT-SI)

------------------------------
For using the paging message, several options were proposed:
A: Add an indication in the paging message. Based on detection of such indication, the UE can stop monitoring P-RNTI until the next DRX cycle. Proposed in [2]
B: Add a “dummy” value in the paging message. Upon detection of this special message, the UE can stop monitoring P-RNTI. Proposed by Ericsson online.
C: Send a paging message without any pagingRecordList. Proposed by Samsung offline. This IE is optional. It was copied from LTE where a paging message can be sent for ETWS warnings without the record list. It is not the expected behaviour for NR but since ASN.1 allows it, we can take advantage of it.  
For using the short message, the proposal was to add an indication in the short message. Upon detection of this indication, the UE will stop further monitoring. Another option could be to use the new indication to make the UE to continue monitoring until the end and the UE will not monitor if it does not detect the indication. We note that the Short Message has 6 reserved bits as shown below.
Table 6.5-1: Short Messages

	Bit
	Short Message

	1
	systemInfoModification

If set to 1: indication of a BCCH modification other than SIB6, SIB7 and SIB8.

	2
	etwsAndCmasIndication

If set to 1: indication of an ETWS primary notification and/or an ETWS secondary notification and/or a CMAS notification.

	3 – 8
	Not used in this release of the specification, and shall be ignored by UE if received.


Option 3 using a new indication in the paging DCI was proposed in [3] with:

The UE is not required to monitor additional PDCCH monitoring occasions in the PO if it receives a monitoring extension indication indicating it should not monitor subsequent PDCCH monitoring occasions in a PO
The UE is not required to monitor additional PDCCH monitoring occasions in the PO if it has not received a monitoring extension indication and it has detected a PDCCH addressed to RNTI other than P-RNTI
Option 3 is similar to Option 2 in spirit but will require RAN1 to modify the Type 0 and Typ2 PDCCH DCI to include the new indication.
Option 4, as proposed by several companies, e.g. [4], rely on UE detecting the GC-PDCCH which the gNB will send when it has access to the channel. RAN1 has designed this for the Connected mode by which the UE can determine when to further monitor downlink as well as deciding in what type of LBT to use on uplink. The advantage of this option is that it does not require the gNB to transmit a new separate indication for paging purposes. The disadvantage is that the configuration for GC-PDCCH should be included in SIB1.

We note that the existing stage-2 text on stopping paging upon detection of P-RNTI does not need to change with Options 1, 2, and 3. They require updates to stage-3 text only.

It would be good to first see which Option has the most support. 

Question 2: Which of the above four options (paging message, short message, modified DCI, GC-PDCCH) would you favour? You can include multiple.
	Company
	Response
	Additional Comments

	OPPO
	Short message
	It would be simple to just reuse one of the un-used bit of the short message to indicate whether the UE continues monitoring or not. 
So, if the UE is paged in the PO, i.e., there is ue-Identity in the paging message, the UE stops monitoring additional paging occasions. If the UE is not paged, the UE stops monitoring additional paging occasions depending on the indication of the short message.

	Samsung
	
	We would like to point out that in RAN2 #107 (Offline #109), the stopping indication was discussed. The conclusion of that discussion was to not have the stopping indication. Having said that if the indication is needed one of the following can be considered (paging message has least specification impact):

1) Paging message

2) Short message

3) DCI addressed to P-RNTI.
1) In case of paging message approach, no new indication is needed. Paging message can be transmitted without pagingRecordList. If network does not have paging for any UE, it can send paging message without pagingRecordList, so that UE can avoid monitoring subsequent PDCCH monitoring occasions of PO.

· This would not require any additional specification impact as we have already agreed that if UE receives PDCCH addressed to P-RNTI, it does not monitor subsequent PDCCH monitoring occasions of PO.
2) In case of short message, if network does not have paging for any UE, it can send short message: systemInfoModification bit in short message is set to 0 if there is no SI update notification. etwsAndCmasIndication bit in short message is set to 0 if there is no emergency notification.
· This would also not require any additional specification impact as we have already agreed that if UE receives PDCCH addressed to P-RNTI, it does not monitor subsequent PDCCH monitoring occasions of PO. Note that short message is included in DCI addressed to P-RNTI.

3) Short message indicator field in DCI addressed to P-RNTI can be set to 00 if network does not have paging message and short message to be transmitted. [image: image1.png]hort Message indicator

Bit field Short Message indicator
00 Reserved
01 Gnly scheduling information for Paging is present in the DCT
10 Only short message is present in the DCI
11

Both scheduling information for Paging and short message are present in the DCI






	MediaTek
	GC-PDCCH (option 4)

Short message (option 2)

Paging message (option 1)
	- RAN 1 is currently discussing on using UE’s GC-PDCCH monitoring in IDLE mode.

- Option 2 and Option 1 are also quite straight-forward.

	Vivo
	Option 1) and 2)
	We think that the stopping condition should not introduce extra UE power consumption for monitoring/receiving the signaling for stopping the paging monitoring.

	ZTE
	Empty paging message 
	Sending a paging message without any pagingRecordList seems to have the least (no) impact to the standards. So, we prefer this approach. 

	Panasonic
	Option 4
	Option 4 introduces no additional signaling overheads, as GC-PDCCH is always there if gNB is able to obtain the channel. Yes, the GC-PDCCH in Rel-15 is for connected mode UE only, but the GC-PDCCH carrying the COT information is intended for both connected mode and idle mode UE.

Option 1c/2/3 aims to save UE’s power for the situation where the network doesn’t intend to page any UE, which requires the network to send an empty paging message/short message/paging DCI in such situation. This is the increased overheads compared to option 4.

	Convida
	Short Message (option 2)
	We agree with Samsung point 3)…Setting Short message indicator field in DCI addressed to P-RNTI can be set to 00 if network does not have paging message and short message to be transmitted.  We prefer option 2 (short message) compared to option 1 (paging message) since it is simpler and does not require the UE to receive/process the paging message.

	Asia Pacific Telecom (APT)
	Short message (option 2)

modified DCI (option 3)
	Considering the aspects of power saving, it would be beneficial if the UE can determine the indication included in the short message or modified DCI to stop paging monitoring, not in the paging message.

	ITRI
	Option 1), option 2)
	We share the same view as vivo that the stopping condition should not introduce extra UE power consumption for monitoring/receiving. In option 4, even if there is no additional signaling overhead, UE will need to monitor additional GC-PDCCH to verify whether could stop the paging monitoring.

We also think option 1 and 2 have less spec impact.

	InterDigital
	Short message (opt. 2),
opt. 4
	Short message avoids additional decoding of PDSCH after PDCCH reception, for each paging occasion where the UE needs to continue monitoring. Whether to continue monitoring additional occasions in the PO can be indicated in the short message indicator DCI field or one of the unused bits of the short message itself. This is possible minimal changes.

	Intel
	Option 2 or Option 3
	Option 4 does not seem to add any value unless it has detected some PDCCH or DMRS and the UE will monitor a bit more.  For Option 1, the network has to indicate on a per UE to stop one UE from monitoring, which will cause overhead.

	LG
	Option 1 
	Sending an empty paging message has no impact on spec, so we prefer this approach. 

	Ericsson
	Option 1 or 2
	Short message is cleaner, but considering it requires RAN1 impact the paging message is preferred at this stage.

	Qualcomm
	Option 2 or 4
	Prefer to use the short message which has the minimum impact on system resources while requiring only PDCCH monitoring. Option 1 can be acceptable. Option 4 would be the best if it can be done in Rel-16.


Conclusion: 6 companies support Option 1, 10 companies support Option 2, 3 companies support Option 3, 4 companies support Option 4.

Given that there is a decent majority for Option 2, we can aim to get to agree to this.

Proposal 2: Option 3 (new DC) and Option  4 (GC-PDCCH) can be eliminated.

Proposal 3: RAN2 adopts using short message for signaling of paging stopping indication.

------------------------

A further optimization of Options 1, 2, and 3 were to have indication for a group of UEs where the gNB can inform a selected group of Ues to either continue or stop paging monitoring. This seems to be most feasible for Option 1 since DCI and Short Message have limited space. A further complication of this optimization is that the grouping either has to be included in SIB1 or has to be based on a UE identity such as I-RNTI or 5G-S-TMSI.
Question 3: For Option 1, 2, and 3, do you support configuring the paging monitoring stop/continue indication per group of Ues?
	Company
	Response
	Additional Comments

	OPPO
	No
	We don’t support it. We don’t need to over-optimize this case.

	Samsung
	No
	Ues are already distributed across POs in a DRX cycle. No further grouping is needed.

	MediaTek
	No
	Could be difficult to configure for Option 2 ad even Option 3.

	Vivo
	No
	

	ZTE
	No
	

	Panasonic
	No
	

	Convida
	No
	

	Asia Pacific Telecom (APT)
	No 
	This is over-optimization.

	ITRI
	No
	

	InterDigital
	No
	

	Intel
	No
	

	LG
	No
	

	Ericsson
	No
	

	Qualcomm
	No
	


Conclusion: No company wants to use UE grouping and thus the indication would be for all the UEs.

Proposal 4: The paging stopping indication is addressed to all the UEs which monitor a given PO, i.e. there is no per UE group indication.

-------------

Another optimization which was brought up during online discussion was whether to configure (in SIB1) a minimum number of paging monitoring occasions which the UE has to monitor. The UE can then take further action based on the considered options above.
In our understanding, this optimization is only beneficial with Option 4 which relies on GC-PDCCH. In the other options, the gNB will send an explicit indication for stopping or extending the monitoring and therefore can do this at any occasion and can also vary the exact instance dynamically instead of a fixed number of configured value.

Question 4: Should configuration for a minimum number of paging occasions to monitor be supported?
	Company
	Response
	Additional Comments

	OPPO
	No
	With the introduction of stopping/continuing monitoring indication in short message, we don’t need further optimization.

	Samsung
	No
	

	MediaTek
	No
	Further optimizations can be considered later, if needed.

	vivo
	Yes
	The number can be configured to 1 if the network wants the UE to immediately stop the paging monitoring, and can set to other values to increase the paging capacity if the frequency is congested.

	ZTE
	No
	

	Panasonic
	Yes
	Can be considered as an optimization together with option 4.  

	Convida
	No
	

	Asia Pacific Telecom (APT)
	No
	This could be considered if RAN1 has more progress on supporting GC-PDCCH in IDLE mode

	ITRI
	No
	

	InterDigital
	No
	

	Intel
	No
	

	LG
	No
	

	Ericsson
	Maybe
	Depends on the solution chosen. 

	Qualcomm
	No
	Only if Option 4 is chosen. However, given the limited support for Option 4, this is not needed.


Conclusion: One company supports the minimum number of paging monitoring for all occasions; one company only for Option 4; one company also said that it depends on the solution. 10 companies do not want to consider this.

Proposal 5: The configuration for minimum number of paging monitoring occasions is not supported.

-------------------

Assuming RAN2 decides to select Option 1, 2, or 3, the next decision would be whether this indication should be to stop monitoring or extend monitoring. In the first case, the UE will not monitor paging in this PO (until the next DRX cycle) when it detects the indication. In the second case, the UE will only monitor the whole PO if it receives the indication at the first occasion. The advantage of the second one is that the gNB only sends this when it has an actual page which may not be often. The disadvantage of the second one is that this has to be sent in the first monitoring occasion.

Question 5: Assuming one of Option 1, 2, or 3 is chosen, should the indication be for stopping or extending the paging monitoring?
	Company
	Response
	Additional Comments

	OPPO
	Yes
	It should be flexible to have the indication for both stopping or extending. For example, you can use one bit in the short message, with the value set to 1 indicating the UEs who have not yet been paged should keep monitoring and with the value set to 0 indicating the stopping monitoring.

	Samsung
	Stopping
	See comments to Q2

	MediaTek
	Stopping
	Using the “Stopping Paging Monitoring” UE does not need to monitor the complete PO.

	vivo
	Stopping
	

	ZTE
	Stopping 
	This should be for stopping and if this is not present, the UE shall continue monitoring. 

	Panasonic
	Stopping
	

	Convida
	Stopping
	

	Asia Pacific Telecom (APT)
	Stopping
	The indication for stopping is enough. If no indication is received, the UE is expected to keep monitoring the complete PO.

	ITRI
	Both
	We share the same view as OPPO.

	InterDigital
	Stopping or extending
	- Stopping is already agreed by receiving a PDCCH addressed to P-RNTI.
- if the indication is carried in the short message indicator DCI field, the indication should be for extending only. 
- if the indication is carried in one of the unused bits of the short message itself, the bit should indicate whether the UE continues or stops monitoring additional paging occasions in the PO, as explained by OPPO.

	Intel
	Stopping
	

	LG
	Stopping
	

	Ericsson
	Stopping
	

	Qualcomm
	Stopping
	This is the simplest option.  


Conclusion: 11 companies support “stopping” only indication while 3 companies want to support both “stopping” and “extension”. Given the large majority, “stopping” can be agreed.

Proposal 6: The indication would be for all the UEs to stop paging monitoring in this PO.

----------------------------

It would also be good which option for using the paging message has more support.

Question 5: Assuming Option 1 is chosen, which of the above alternatives (A, B, or C) is preferable?

	Company
	Response
	Additional Comments

	OPPO
	We prefer option2
	

	Samsung
	C)
	See comments to Q1

	MediaTek
	C preferred, but open to other options
	Option C (with empty paging list) seems quite straight forward and already used in LTE, but open to other options as well.

	vivo
	C
	

	ZTE
	C
	

	Panasonic
	We don’t prefer option 1
	

	Convida
	C
	

	Asia Pacific Telecom (APT)
	We don’t prefer option 1
	

	ITRI
	A
	Option C could only be used in the case that the network doesn’t intend to page any UE. But once network needs to page some UE and also wants to inform other UEs which not be paged to stop paging monitoring, only option A could work.

	InterDigital
	C
	

	LG
	C
	

	Ericsson
	C
	

	Qualcomm
	C
	


Conclusion: For the paging message option, 9 companies support using an empty paging message while 1 company supports a new indication.
Proposal 7: If RAN2 agrees to use the paging message, the indication for stopping paging will be a blank paging message. 
3. Conclusion

In this contribution, we summarize the offline discussion for stopping paging monitoring for NR-U and propose the following:
Proposal 1: RAN2 should limit the options for stopping paging based on the following signals:

1. Paging message 

2. Short message 

3. Modified DCI addressed to P-RNTI 

4. GC-PDCCH which includes COT information (a.k.a. COT-SI)

Proposal 2: Option 3 (new DC) and Option 4 (GC-PDCCH) can be eliminated.

Proposal 3: RAN2 adopts using short message for signaling of paging stopping indication.

Proposal 4: The paging stopping indication is addressed to all the UEs which monitor a given PO, i.e. there is no per UE group indication.

Proposal 5: The configuration for minimum number of paging monitoring occasions is not supported.

Proposal 6: The indication would be for all the UEs to stop paging monitoring in this PO.

Proposal 7: If RAN2 agrees to use the paging message, the indication for stopping paging will be a blank paging message. 
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