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Discussion and Decision
1. Introduction

In RAN2#104, RAN2 agreed to the following text for 38.889:

	For paging, it may be beneficial to introduce more opportunities per DRX cycle for the UE to receive the page. The additional locations can be provided in time domain by configuring an extended paging occasion (i.e. a paging window) or configuring multiple paging occasions to a UE. In any specified solution(s) based on additional paging opportunities, the UE power consumption should also be taken into account; to this end, it is beneficial that the paging occasions are transmitted in close time to or overlap with the reference signals.


In RAN2#105, RAN2 further agreed to the following with FFS on dynamic extension and termination:
	· 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


In this contribution, we further study how this additional number of PDCCH monitoring occasions can be configured and also discuss dynamic extension and termination. 

2. Discussion
2.1. Paging design in NR

In NR, 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. One Paging Frame (PF) is one Radio Frame and may contain one or multiple PO(s) or starting point of a PO.
PF is determined by the following formula:



(SFN + PF_offset) mod T = (T div N)*(UE_ID mod N)
The PDCCH monitoring occasions for paging are determined according to whether paging-SearchSpace is configured. If yes, the PDCCH monitoring occasions follow the paging-SearchSpace. Otherwise the PDCCH monitoring occasions follow according to the default association (i.e. PDCCH monitoring occasions for paging are same as for RMSI). 
When SearchSpaceId = 0 is configured for pagingSearchSpace, Ns is either 1 or 2. For Ns = 1, there is only one PO which starts 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. The PDCCH monitoring occasions for a PO follows the PDCCH monitoring occasion of the SIB1.
When SearchSpaceId other than 0 is configured for pagingSearchSpace, the UE monitors the (i_s + 1)th PO where the first PO starts in the PF for the UE. The PDCCH monitoring occasion follows the search space indicated by the pagingSearchSpace allocated and can be shifted according to firstPDCCH-MonitoringOccasionOfPO (if configured). The set of PDCCH monitoring occasions of a PO can span one or more time slots depending on the number of SSBs.
i_s is determined as follows:



i_s = floor (UE_ID/N) mod Ns
Observation#1: The current paging calculation provides the timing where the UE needs to start monitoring the PDCCH monitoring occasion for its paging.
2.2. Improving the transmission opportunities for paging
It is noted that the latency involved with paging transmission has direct bearing to the call connection latency. This becomes especially an important issue for the standalone system where PCell is on the unlicensed spectrum. If gNB could not transmit paging due to LBT, the paging transmission would have to be delayed to the next available occasion.
Based on 38.889, RAN2 is moving forward with two time domain based solution as listed below:

Option 1: Configuring a paging window
Extend the number of PDCCH monitoring occasion duration in a PO within a DRX cycle, in other words, the paging occasion become a paging occasion window (POW). Basically, it allows the network more opportunities to schedule the paging over x number of PDCCH monitoring occasions. The x number of the PDCCH monitoring occasions is configurable via RRC. An example of paging using this POW concept is shown below:

Assuming a paging frame with two POs where x=2 (i.e. each PDCCH monitoring occasion corresponding to a SSB/beam is extended by 1):  beam sweeps are repeated twice on PO1 for set of UEs, and beam sweeps are repeated twice on PO2 for another set of UEs. 



As shown in the above figure, each SSB/PDCCH occasion (represented different color) is send on PO1 (each color repeated once for x=2) for UE set 1 and PO2 (each color repeated once for x=2) for UE set 2.

This option requires no changes to the paging formula. A new variable POW is used to indicate the length of the PO. 
As in Rel-15, when SearchSpaceId = 0 is configured for pagingSearchSpace, the PDCCH monitoring occasions for paging in the paging window is the same as the PDCCH monitoring occasions for SIB1 where the mapping between PDCCH monitoring occasions and SSBs are defined in RAN1 specification. However, PDCCH monitoring occasions are extended beyond the original PO based on the new variable POW.
When SearchSpaceId other than 0 is configured for pagingSearchSpace, the [x*N+K]th PDCCH monitoring occasion (s) for paging in the paging 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 paging window/N).  This is similar to the way the PDCCH monitoring occasion for SI message in SI window.
To prevent the 2 consecutive paging window from overlapping, the network has to ensure the separation between the starting position of 2 consecutive paging window is larger than the POW size.  This can be done by configuring the number of PFs (N) per DRX cycle and number of POs per PF (Ns) appropriately to provide the separation.

Option 2: Configuring multiple paging occasions
A UE is associated with a number of POs that are consecutive or non-consecutive. In this method, the beam sweeping repeats on a different PO either within the same PF(consecutive) or different PF (non consecutive). See example below, a set of UE is associated with 2 POs:

a. Consecutive: UE set A is associated with PO1 and PO2 while UE set B is associated with PO3 and PO4


b. Non-Consecutive: UE set A is associated with PO1 and PO3 while UE set B is associated with PO2 and PO4


For Option 2, the (SFN + PF_offset) mod T = (T div N)*(UE_ID mod N) will provide the UE with the starting position of the paging frame as before.  Instead of every PDCCH monitoring occasions in Option 1, the UE monitors non-consecutive PDCCH monitoring occasion (for the default and non-default association) such as it depends on how many POs per PF and over 1 DRX cycle. Such non-consecutive PDCCH monitoring occasion can be configured via a bit map for each UE paging group across the DRX cycle. In between this non-consecutive PDCCH monitoring occasions, the UE can save UE power. Like Option 1, the network has to ensure that the POs for 2 UE paging groups do not overlap.
Both Option 1 and 2, extra battery consumption is expected due to monitoring additional PO. However, option 2 might increase further battery consumption due to turning on and off of the RF, depends on the interval between the two POs, some RF might not even be able to go to deep sleep for such a short interval. Futhermore, this might introduces a delay for the UE to receive the page. On Network side, it may have to buffer the page longer which is currently not the case. 
On the other hand, it might have a better chance of succeeding in LBT, since the two POs are spreadout in time but this all depend on the channel load pattern. Comparing the 2 options, we recommend Option 1 as it provides a simpler approach for increasing the scheduling opportunities for paging (similar to SI window)
Proposal 1: Define a paging occasion window (Option 1) to increase paging opportunitiy for NR-u. at the start of the paging occasion window align with the assigned PO based on the existing PF/PO calculation.
2.3

Managing the UE power consumption
With increase of PDCCH monitoring occasion, even though it provides more paging transmission opportunities for the gNB, it consumes more UE power, especially if there is no paging transmission for the UE. In order to reduce UE power consumption with the paging window, UE should only listen to the extended PO or additional PDCCH monitoring occasions when there is no PDCCH/DMRS transmission detected in the assigned PO. RAN1 has designed DMRS for power saving as follow:
· RAN1 agreement: The UE may assume the presence of a signal, such as the DMRS in any [PDCCH or GC-PDCCH] transmission, to detect transmission bursts by the serving gNB, to enable power saving by not necessitating performing blind decodes to detect the transmission burst (Note: The power saving possibility by not necessitating blind decodes assumes performance relaxation for PDCCH decoding is not needed. Also, this does not mandate a two-step PDCCH decoding process for the UE with respect to DMRS detection).
Proposal 2: In order to reduce UE power consumption, UE should only monitor the extended PO or additional PDCCH monitoring occasions where there is no PDCCH/DMRS transmission detected in the assigned PO.
Once PDCCH/DMRS transmission is detected from the gNB in the PO, the UE should be allowed to stop monitoring the extended PO since the gNB manages to acquire the channel and is deemed able to schedule the paging for the UE if it intends to do so. 
Proposal 3:  In order to reduce UE power consumption, once PDCCH/DMRS transmissios are detected from the gNB, the UE should be allowed to stop monitoring for paging in the extended PDCCH monitoring occasions
3. Conclusion

RAN 2 to discuss and adopt the following proposals:

Proposal 1: Define a paging occasion window (Option 1) to increase paging opportunitiy for NR-u. at the start of the paging occasion window align with the assigned PO based on the existing PF/PO calculation.

Proposal 2: In order to reduce UE power consumption, UE should only monitor the extended PO or additional PDCCH monitoring occasions where there is no PDCCH/DMRS transmission detected in the assigned PO.

Proposal 3:  In order to reduce UE power consumption, once PDCCH/DMRS transmissios are detected from the gNB, the UE should be allowed to stop monitoring for paging in the extended PDCCH monitoring occasion
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