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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 [1]. Also, in RAN2#101 meeting [3], it was agreed that SI update indication included in paging message is supported (can be revisited if the DCI design allows the SI update indication and scheduling of a paging message in parallel). Hence, we may expect that when paging DCI indicates the scheduling information, UE can get the SI update indication in paging message. However, in RAN1#92 meeting [2], it was agreed as working assumption that P-RNTI PDSCH is not required to be decoded by UE in RRC_CONNECTED mode. It seems that the working assumption could involve an intention that UE in RRC_CONNECED mode dose not read the message, even though the SI update indication is included in paging message. If so, when short message indication bit is triggered for system information update indication, it becomes hard to operate the paging for IDLE UE within system information update period (or within N times of DRX cycle). In other word, it becomes not to be valid in NR that gNB simultaneously operate to indicate both paging and system information update. It seems worse operation than LTE paging and SI update mechanism.
Observation 1: 
· It seems that the working assumption agreed in DL/UL scheduling and HARQ management in RAN1#92 meeting could involve an intention that UE in RRC_CONNECED mode dose not read the message, even though the SI update indication is included in paging message. 
· If so, when short message indication bit is triggered for system information update indication, it becomes hard to operate the paging for IDLE UE within system information update period (or within N times of DRX cycle).  

 In order to resolve the problem, we can consider two alternative solutions which are define additional indication bits on top of the short message triggering bit in paging DCI. 
· Alt. 1: In addition to resource assignment bit field in paging DCI, introduce additional 1 bit flag to indicate whether RRC_CONNECTED UEs is allowed to operate P-RNTI PDSCH decoding or not. (Figure 1. (A))
· Alt 2: In addition to resource assignment bit field in paging DCI, introduce additional 1 bit flag to indicate P-RNTI PDSCH decoding, and define additional Y bits to inform high priority SI (e.g. ETWS, CMAS) update (Figure 1. (B))



[bookmark: _GoBack]Figure 1. The operation concept of paging DCI scrambled by P-RNTI and Flag=1

In case of Alt.1, RRC_CONNECTED UEs are normally decodes PDCCH to read the paging DCI. Only in the case that the indication bit for P-RNTI PDSCH decoding is triggered, the RRC_CONNECTED UEs try to decode P-RNTI PDSCH in order to acquire short message for SI update indication in paging message like as IDLE UEs do. 
In case of Alt.2, additional indication bits are defined on top of Alt.1. Some information such as ETWS and CMAS should be urgently delivered to UEs. For RRC_CONNECTED UEs, it might seem that all of processing delay of decoding the PDSCH is unnecessary. So, some crucial SI can be dropped off from paging message and it can be directly indicated from DCI. In the paging DCI, the additional 1+Y bits can play as decoding mode indicator (1bit) and high priority SI indicator (Y bits).
Proposal 1: 
· In NR paging mechanism, it should be valid that gNB can simultaneously operate to indicate both paging and system information update.
· Select one solution among below two alternative solutions:
· Alt. 1: In addition to resource assignment bit field in paging DCI, introduce additional 1 bit flag to indicate whether RRC_CONNECTED UEs is allowed to operate P-RNTI PDSCH decoding or not. 
· Alt 2: In addition to resource assignment bit field in paging DCI, introduce additional 1 bit flag to indicate P-RNTI PDSCH decoding, and define additional Y bits to inform high priority SI (e.g. ETWS, CMAS) update.

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.
Observation 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.

Some information is needed to support or indicate additional paging mechanisms such as paging group indicator, beam-report request etc. In this document, we would like to clarify where or how the information might be transmitted. One way is to adopt additional P-RNTI for new paging mechanism. However, it could bring the additional complexity if some UE supports both Rel-15 paging and new paging mechanism. Another way is that the indication bit for new paging mechanism is carried in paging DCI. Furthermore, NR has already agreed to adopt 1-bit to indicate whether the short message only or scheduling information only. Although RAN2 has not yet defined the composition of short message in detail, we can expect that several bits are used for short message indication and lots of remaining bits are reserved. Also, we can consider that the reserved bits can be used for new paging mechanism. For example, the reserved bits could be used for group indication in next release. In this case, when short message is triggered by the 1-bit indicator in paging DCI, both Rel-15 UE and future release UE can interpret that the several bits are the short message. Also, using the group indicator, it may be informed for the IDLE UE in next release to operate future paging mechanism.
Proposal 2: 
· In Rel-15, NR should design paging DCI for the sake of future improvement.
· The 1-bit for triggering short message is also used for the purpose of indicating whether new paging mechanism is triggered. And, some reserved bits which are not used for SI update indication can be used for new paging mechanism.

3. Conclusion
In this contribution, we discussed on paging design in NR and our observations and proposals are as follows :
DCI format for paging
Observation 1: 
· It seems that the working assumption agreed in DL/UL scheduling and HARQ management in RAN1#92 meeting could involve an intention that UE in RRC_CONNECED mode dose not read the message, even though the SI update indication is included in paging message. 
· If so, when short message indication bit is triggered for system information update indication, it becomes hard to operate the paging for IDLE UE within system information update period (or within N times of DRX cycle).  
Proposal 1: 
· In NR paging mechanism, it should be valid that gNB can simultaneously operate to indicate both paging and system information update.
· Select one solution among below two alternative solutions:
· Alt. 1: In addition to resource assignment bit field in paging DCI, introduce additional 1 bit flag to indicate whether RRC_CONNECTED UEs is allowed to operate P-RNTI PDSCH decoding or not. 
· Alt 2: In addition to resource assignment bit field in paging DCI, introduce additional 1 bit flag to indicate P-RNTI PDSCH decoding, and define additional Y bits to inform high priority SI (e.g. ETWS, CMAS) update.

Future improvement of NR Paging
Observation 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.
Proposal 2: 
· In Rel-15, NR should design paging DCI for the sake of future improvement.
· The 1-bit for triggering short message is also used for the purpose of indicating whether new paging mechanism is triggered. And, some reserved bits which are not used for SI update indication can be used for new paging mechanism.
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Appendix A. Previous agreement
Working assumption (RAN1#92 [2])
· P-RNTI PDSCH is not required to be decoded by UE in RRC_CONNECTED mode
· Note: P-RNTI PDCCH may not schedule a P-RNTI PDSCH but rather carries the message by itself, which may be used for e.g. systemInfoModification, cmas-Indication, and etws-Indication
· Send an LS to RAN2 asking for feedback (R1-1803508, which is approved by removing the 2nd subbullet, final LS is R1-1803537)
· Send an LS to RAN2 asking for feedback – R1-1803536, which is approved and final LS is in R1-1803541

Also, in RAN2#101 meeting, SI update indication related agreement were made as follow:
Agreement (RAN2#101 [3])
2.1.4a: SI update indication included in paging message is supported (can be revisited if the DCI design allows the SI update indication and scheduling of a paging message in parallel)
2.1.4b: SI update indication included in DCI is supported
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