3GPP TSG-RAN2 Meeting #112 Electronic                                    R2- 2009093 
 2nd November – 13th November 2020

Agenda item:
8.9.2
Source:
Samsung

Title:
Other Enhancements for UE Power Saving 
Document for:
Discussion & Decision
1 Introduction
According to WID [1], the objectives related to idle/inactive-mode UE power saving are as follows:
1) Specify enhancements for idle/inactive-mode UE power saving, considering system performance aspects [RAN2, RAN1]

a) Study and specify paging enhancement(s) to reduce unnecessary UE paging receptions, subject to no impact to legacy UEs [RAN2, RAN1]

b) Specify means to provide potential TRS/CSI-RS occasion(s) available in connected mode to idle/inactive-mode UEs, minimizing system overhead impact [RAN1]

In our companion contribution [2], we have discussed some paging enhancement to reduce false alarms. In this contribution, we discuss some additional paging enhancements for power saving in idle/inactive mode.

2 Discussion
2.1 DRX cycle length of paging message reception
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Figure 1

Figure 1 illustrates various paging DRX cycles configured by network and monitoring of paging DRX cycle by UE in RRC_IDLE. Figure 1(a) shows the paging occasions of UE corresponding to default paging DRX cycle. Figure 1(b) shows the paging occasions of UE corresponding to UE specific paging DRX cycle which is negotiated between UE and network. Figure 1(c) shows the actual monitored paging DRX cycle according to current specification [3].
UE may negotiate a longer DRX cycle for power saving. If the UE specific paging DRX cycle is longer than default paging DRX cycle, UE may unnecessarily decode DL TB for paging message in several paging occasions (circled in red in figure 1). Note that this (i.e. decoding DL TB for paging message in paging occasions circled in red) was needed in LTE as SI update/emergency notifications were also included in Paging message in LTE. However, in NR, SI update/emergency notifications are included in short message and not in paging message. Receiving and decoding DL TB leads to increased wakeup and hence power consumption. One can argue that paging message can be transmitted for the UE in paging occasions circled in red and hence can reduce paging latency. However, given that UE and network has negotiated UE specific paging DRX cycle, monitoring paging message more frequently is not essential and not good for UE’s power consumption.
Observation 1: UE may unnecessarily receive and decode paging message in several paging occasions when UE specific DRX cycle is longer than default DRX cycle.
So we propose that, if UE specific DRX cycle is greater than default DRX cycle, UE monitors PDCCH addressed to P-RNTI for paging message according to UE specific DRX cycle. Note that there is no change to short message monitoring. To be more specific,

If UE specific DRX cycle is greater than default DRX cycle: 

·  UE monitors PDCCH addressed to P-RNTI for Short message in its PO with respect to PF which satisfies (SFN + PF_offset) mod T = (T div N) * (UE_ID mod N), where T = Min (Default DRX Cycle, UE specific DRX cycle); This is same as the current behavior for short message monitoring. 
·  UE monitors PDCCH addressed to P-RNTI for Paging message in its PO with respect to PF which satisfies (SFN + PF_offset) mod T = (T div N) *(UE_ID mod N), where T = UE specific DRX cycle. 
Otherwise,
·  UE monitors PDCCH addressed to P-RNTI for short message and paging message in its PO with respect to PF which satisfies (SFN + PF_offset) mod T = (T div N) * (UE_ID mod N), where T = Min (Default DRX Cycle, UE specific DRX cycle). This is the current behavior.

Note that, if multiple UE specific DRX cycles are configured, UE specific DRX cycle is minimum of all of them in the above description.
Proposal 1:  If UE specific DRX cycle is greater than default DRX cycle:

· UE monitors PDCCH addressed to P-RNTI for Paging message in its PO with respect to PF which satisfies (SFN + PF_offset) mod T = (T div N) *(UE_ID mod N), where T = UE specific DRX cycle.
2.3 Cross Slot Scheduling

Figure 2 is an example illustration of paging message reception. PDCCH addressed to P-RNTI is transmitted in slot n. Short message indicator field (2 bits) in DCI is set to ‘01’ or ‘11’ which indicates that DCI includes the scheduling information for paging message. ‘01’ indicates that scheduling information for paging message is included in DCI and short message is not included. ‘11’ indicates that scheduling information for paging message is included in DCI and short message is also included in DCI. 

Time domain resource assignment field in the DCI indicates K0, where K0 >= 0. A list of K0 is signaled in system information. Time domain resource assignment field indicates the index of a row in that list. The PDSCH including the paging message is scheduled in slot ‘n+K0’. UE can know the value of K0 only after it has received and decoded PDCCH addressed to P-RNTI and processed the fields of DCI. The PDSCH caring paging message can be scheduled in same slot as the PDCCH. So UE has to receive and buffer PDSCH while it is processing PDCCH. This reception and buffering of PDSCH is waste if DCI of PDCCH addressed to P-RNTI indicates paging message scheduled in a slot different from the slot in which PDCCH addressed to P-RNTI is received. 

Observation 2: UE has to receive and buffer PDSCH while it is processing PDCCH. 
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Figure 2
Figure 3 is another example illustration of paging message reception. PDCCH addressed to P-RNTI is transmitted in slot n. Short message indicator field (2 bits) in DCI is set to ‘10’ which indicates that DCI includes short message and DCI does not include the scheduling information for paging message. UE can know whether paging message is scheduled or not, after it has received and decoded PDCCH addressed to P-RNTI and processed the fields of DCI. So UE has to receive and buffer PDSCH while it is processing PDCCH. This reception and buffering of PDSCH is waste if DCI of PDCCH addressed to P-RNTI indicates paging message is not scheduled. 
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Figure 3
Observation 3: This reception and buffering of PDSCH is waste: if DCI of PDCCH addressed to P-RNTI indicates paging message scheduled in a slot different from the slot in which PDCCH addressed to P-RNTI is received or if DCI of PDCCH addressed to P-RNTI indicates paging message is not scheduled. 
To overcome the above issue, cross slot paging can be supported. gNB can broadcast a minimum value of K0 (minKoPaging, greater than zero) in SIB. GNB schedules Paging message such that the slot in which paging message is transmitted is apart from PDCCH slot at least by minKoPaging. If UE supports minKoPaging and SI acquired by UE from camped cell includes parameter minKoPaging, UE does not receive and buffer PDSCH while it is processing PDCCH addressed to P-RNTI; If PDCCH addressed to P-RNTI schedules paging message, UE shall receive PDSCH from the slot ‘n+KO’, where ‘n’ is the slot in which UE receives PDCCH addressed to P-RNTI.
Proposal 2: Cross slot paging is supported. gNB can broadcast minKoPaging (greater than zero) in SIB. GNB schedules paging message such that the slot in which paging message is transmitted is apart from PDCCH slot at least by minKoPaging. 
3 Conclusion

Based on the above, RAN2 is requested to discuss and agree on the following proposals:
Proposal 1:  If UE specific DRX cycle is greater than default DRX cycle:

· UE monitors PDCCH addressed to P-RNTI for Paging message in its PO with respect to PF which satisfies (SFN + PF_offset) mod T = (T div N) *(UE_ID mod N), where T = UE specific DRX cycle.
Proposal 2: Cross slot paging is supported. gNB can broadcast minKoPaging (greater than zero) in SIB. GNB schedules paging message such that the slot in which paging message is transmitted is apart from PDCCH slot at least by minKoPaging. 
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Monitored Paging 
Cycle (T3)
PO: PDCCH addressed to P-RNTI; Paging message in PDSCH;
PO: PDCCH addressed to P-RNTI; Short message in DCI;
PO: UE monitors PDCCH addressed to P-RNTI. UE processes received short message in DCI. UE also decodes scheduled DL TB.
Monitored Paging Cycle (T3) = Min (Default Paging Cycle(T1), UE specific Paging Cycle (T2))
In NR, UE unnecessarily decodes DL TB in these paging occasions. Note that this was needed in LTE as SI update/emergency notifications were also included in Paging message in LTE.



