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1. Introduction
In this contribution, we discuss more details on Paging DCI format and future improvement.

2. Discussion
DCI format for paging
In RAN1 NRAH-1801 meeting [1], it was agreed to adopt 1-bit in paging DCI to indicate whether the short message only or scheduling information only. The DCI field is composed as shown in figure 1: 



Figure 1. The composition of paging DCI with P-RNTI 

Depending on the indication of short message indicator, the following bit field is comprehended as the information for system information indication or PDSCH resource allocation. According to the agreement in RAN1#92bis meeting [2], P-RNTI PDSCH is not required to be decoded by UE in RRC_CONNECTED mode, hence it becomes impossible that both system information update indication and paging indication are concurrently operated in NR. Also, in RAN2 [4], the simultaneous PDSCH Reception with paging was discussed, and it was concluded that “it can limit the ability of network to use the same message for both paging Idle UEs and also use PDCCH paging for system notification. If many Idle mode UEs have to be paged, this may delay either their paging or the system notifications for some connected UEs if their C-DRX active durations overlap with also paging occasions.” In order to resolve the problem, it seems to modify the current paging design in RAN1.
As discussed in DCI design session in RAN1#92bis meeting [2], RAN1 understood that “concurrent transmission of short message and paging is possible from a DCI payload perspective”. If there is no strong reason to keep the current paging DCI design, we should modify the paging DCI in order to allow concurrent operation of system information update and paging indication.



Figure 2. The modified paging DCI with P-RNTI 

Proposal 1: 
· Adopt concurrent transmission of short messages and paging in a DCI
· Modify the current paging DCI design.
· Remove short messages indicator in the field.
· Define both short messages and PDSCH resource allocation 

Future improvement of NR Paging
Due to beam sweeping operation in NR, it is obvious that improved mechanism for paging delivery is necessary in order to reduce paging overhead. Though RAN1 agreed to introduce no additional mechanism for paging for the sake of the timely completion of Rel-15 the improved paging mechanism should be supported in the future release.
Proposal 2:
· Even if RAN1 agreed to introduce no additional mechanism for paging for the sake of the timely completion of Rel-15, the improved paging mechanism should be supported in the future release in order to reduce paging overhead due to beam sweeping operation.

3. Conclusion
In this contribution, we discussed on paging design in NR. As a conclusion, we summarize the proposals as follows:
DCI format for paging
Proposal 1: 
· Adopt concurrent transmission of short messages and paging in a DCI
· Modify the current paging DCI design.
· Remove short messages indicator in the field.
· Define both short messages and PDSCH resource allocation 

Future improvement of NR Paging
Proposal 2:
· Even if RAN1 agreed to introduce no additional mechanism for paging for the sake of the timely completion of Rel-15, the improved paging mechanism should be supported in the future release in order to reduce paging overhead due to beam sweeping operation.

4. Reference
RAN1 NRAH-1801, Chairman’s note
RAN1#92bis, Chairman’s note
RAN2#101, Chairman’s note
R1-1805810, "Reply LS on Simultaneous PDSCH Reception with Paging"
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Appendix A. Previous agreement
Agreement in RAN1 NRAH#1801 [1]
· NR supports a 1-bit in paging DCI to indicate whether the short message only or scheduling information only is carried in the Paging DCI

Agreement in RAN1#92bis [2]
· When a valid DCI with P-RNTI is detected, the following fields apply:
	Field
	Bits
	Comment

	Short Messages Indicator
	1
	Already captured in 38.212. Need to add interpretation.
0 = short message ([8] bits defined by RAN2 + padding to meet the DCI size)
1 = paging message scheduled (following fields)

	In case of short message service

	Short message
	[8]
	Defined by RAN2. The number of bits to be checked with RAN2.

	Reserved bits
	
	To meet overall DCI size

	In case of paging message

	Frequency domain 
resource assignment
	[image: ]
	 

	Time domain 
resource assignment
	4
	Note: applicability of the currently agreed default table to paging or whether an additional default table or SIB1 signaled table is FFS.

	VRB-to-PRB mapping
	1
	 

	Modulation and coding scheme
	5
	Same MCS table as for “normal” transmission without 256QAM

	TB scaling
	2
	To scale TB size

	Reserved bits
	(fixed value)
	To meet overall DCI size


· Note: If initial access session defines the possibility for simultaneous short message service and paging, the DCI design may need to be updated. From a DCI payload perspective, concurrent transmission of short messages and paging is possible.
· Note: The TB size and RB allocation are dependent and there may be a need to apply TB size scaling to obtain low code rates for small payloads.

Agreement in RAN2#101 [3]
· 2.1.1: Like LTE, the SI change/update is indicated to UEs through paging.
· 2.1.2a: RRC_IDLE and RRC_INACTIVE UEs shall monitors for SI update notification in its own paging occasion every DRX cycle. 
· 2.1.2b: RRC_CONNECTED UE monitors for SI update notification in any paging occasion (if the UE is provided with common search space to monitor paging in connected) 
· 2.1.3: In NR, adopt the LTE concept of modification period for SI update handling. 

LS from RAN2 [4]
RAN2 has discussed the RAN1 LS and would like to provide the following feedback:
· RAN2#101 has agreed that a “RRC_CONNECTED UE monitors for SI update notification in any paging occasion”. Therefore, one consequence of RAN1 working assumption is that a connected UE only monitors PDCCH and thus does not need to decode PDSCH scheduled by P-RNTI in one or multiple paging occasion during modification period (which is 10 seconds in LTE). Since system notifications (SI update, CMAS, ETWS notifications) are usually rare, this may provide UE power savings.
· Another consequence of the RAN1 working assumption is that it can limit the ability of network to use the same message for both paging Idle UEs and also use PDCCH paging for system notifications. If many Idle mode UEs have to be paged, this may delay either their paging or the system notifications for some connected UEs if their C-DRX active durations overlap with also paging occasions. 
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