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1 Introduction
In the RAN1 #87 meeting, there were agreements on paging in multi-beam operation and SS burst set periodic transmission in [1].
	Agreements:
· For paging in multi-beam operation, support beam sweeping for paging, and study the following methods:

· Alt-1: Multiplexing paging with SS blocks

· FFS: Details of paging 

· Alt-2: Adding another round of beam sweeping for paging 

· Note: Another round of beam sweeping is different from the beam sweeping of SS burst set 

· Other alternatives are not precluded

· Companies report their assumption for paging

Agreements:
· From UE perspective, SS burst set transmission is periodic

· At least for initial cell selection, UE may assume a default periodicity of SS burst set transmission for a given carrier frequency

· Exact value of default periodicity of SS burst set transmission for a given carrier frequency needs to be studied

· FFS: UE in CONNECTED or IDLE mode may be provided with updated information regarding the SS burst set periodicity of serving cell and/or neighbor cells by the network

· FFS: Validity duration of information

· Note: Updated periodicity may be shorter or longer than default periodicity assumed by UE

· FFS: Note: This does not imply SS-burst set needs to be always on with the updated periodicity

· FFS: SS burst periodicity assumed by UE if information of neighbor cells is not available

· FFS: Consider idle mode operation performance

· Note: Companies can also consider to support functionality related to LTE DRS and LTE IDLE mode
· Companies are encouraged to investigate the tradeoff between network flexibility/power consumption and UE complexity/power consumption


For paging, although Alt1 and Alt2 were agreed, some other issues still need to be further considered. In this contribution, we discuss three problems. The first one, “paging” itself includes paging DCI and paging message, from the current conclusion, we think text “paging” in the agreement at least included paging DCI, however, how to transmit paging message is not clear. The second one, Alt1 and Alt2 whether they all exist for NR system. The last one, when Alt1 is used, the relationship between PO and periodicity of SS burst set need to be considered, similarly, when Alt2 is used, how to define PO.

Observation 1: Text “paging” in the agreement at least included paging DCI.
Proposal 1: To discuss clearly, paging in NR should be divided into two parts including paging DCI and paging message if paging DCI be still needed in NR.
2 Discussion
For Alt1, if FDM between paging DCI and SS blocks is used, perhaps, no enough RE is mapped for paging message due to uncertain overhead of paging message and structure of SS blocks, i.e., at this moment, it is difficult to confirm whether could map paging message in FDM. Here, we think paging DCI could be multiplied firstly, however, paging message need to be considered further. Four Alts have been given based on different transmission methods of paging message as shown in the Fig1.
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Fig1. FDM between paging DCI and SS blocks
· Alt1-1: multiplexing paging message with data transmission in normal slot with the same beam direction

· Alt1-2: paging message set for paging message transmission
· Alt1-3a: one or more symbol is added in the SS blocks to paging message

· Alt1-4a: special resource occupied by paging message using quasi-omnidirectional and repeating transmission

Some advantages/disadvantages of them can be observed. For Alt1-1, higher delay for urgent paging message receiving. But the paging message can be scheduled right after the SS burst set. Meanwhile, one disadvantage of Alt1-1 could be that, in case of analog/hybrid BF, the beamforming configuration of a whole data slot may be constrained in advance by the time the DCI is transmitted. This may impact the data transmission flexibility in the data slot. This means mini slots could be useful for sweeping transmission. For Alt1-2, there is potential limitation on flexibility of normal data transmission due to extra sweeping. But paging message set could be skipped if no paging message needs to be transmitted. For Alt1-3a, it don’t introduce new round to keep only one beam sweeping, but more full structure of SS blocks is needed to consider. The extra symbols are almost wasted if no paging is transmitted, because this symbol is not easy to use. For Alt1-4a, it could improve link budget and inter-cell interference if SFN-like transmission is used, but synchronization timing is needed between TRPs or gNBs.
For Alt1, if TDM between paging (including paging DCI and paging message) and SS blocks is used, i.e., one or more symbol is added in the SS blocks to map paging DCI and paging message. This structure still keep only one beam sweeping for SS blocks instead of adding paging message set. Note that FDM for paging DCI and paging message is used under this structure, i.e, paging message is also transmitted by beam mode, here, we can sign it as Alt1-3b. Similarly, we can get Alt1-4b.
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Fig2. TDM between paging (including paging DCI and paging message) and SS blocks
· Alt1-3b: one or more symbol is added in the SS blocks to map paging DCI and paging message, and paging message is transmitted by beam mode and multiplex with paging DCI in FDM

· Alt1-4b: one or more symbol is added in the SS blocks to map paging DCI, and paging message is transmitted by quasi-omnidirectional and repeating transmission

For Alt2, there is no essential difference between Alt1 in TDM and Alt2 other than another round of beam sweeping. Thus, FDM for paging DCI and paging message still can be used like Alt1-3b, SFN-like still can be used like Alt1-4b, and we can respectively sign it as Alt2-1 and Alt2-2 as shown in the Fig3.

[image: image3.emf]Time

Quasi-omnidirectional 

& repeating

... ...

SS burst set

SS block

Alt 2-1 Alt 2-2

Time

paging DCI

Paging message

Another round

... ... ... ... ...

Another round

... ...

Fig3. Another round for beam sweeping
· Alt2-1: another round of beam sweeping is added to map paging DCI and paging message, and paging message is transmitted by beam mode and multiplex with paging DCI in FDM

· Alt2-2: another round of beam sweeping is added to map paging DCI, and paging message is transmitted by quasi-omnidirectional and repeating transmission

So far, we think at least eight Alts should all be considered. Of course, it is natural to further narrow down. But there is one uncertain thing. It is stated like above content whether enough REs could be mapped paging message in FDM is uncertain. This means that Alt2 could be narrowed down according to whether paging could be mapped into the SS blocks.

However, there may be other issue when sweeping structure including SS burst set or another round is used. The flexibility of data transmission may be constrained to some extent when one or more continuous slot(s) for sweeping structure transmission, especially if a long sweeping structure is used. The approach of configuration sweeping structure in a discontinuous manner may be applied. Then, even a long sweeping structure may not impact flexibility of data transmission.
Observation 2: Whether enough REs could be mapped paging in the SS blocks is uncertain due to uncertain overhead of paging and structure of SS blocks at this moment. If no, Alt2 could be used.
Proposal 2: NR needs to consider optimal structure of paging depending on overhead of paging and structure of SS blocks.
In general, SS Burst set contains one or more SS burst. When Alt1 is used, gNB transmit the same paging to different direction by SS block structure during SS burst set, i.e., each SS burst set only complete one time paging. Thus, there is no difference between PF and PO, which results in a necessity to reconsider paging timing. UE only needs to confirm belonging to its SS burst set, and receives potential paging. Preferably, UE might perform downlink optimal Tx and Rx beam before UE receives the paging so that UE could receive paging in the SS blocks by optimal beam. On the other hand, the periodicity of SS burst set is bigger which means paging occasion is less. This cause many UE correspond to the same paging occasion. To alleviate this situation, other paging occasion other than SS burst set should also be considered, such as, equal interval increasing another round for paging occasion between SS burst set. Actually, this way is similar with Alt2. Thus, this way and Alt2 all need to consider paging occasion or the periodicity of paging definition or configuration.
Observation 3: The second requirement to use Alt2 is the periodicity of SS burst set is bigger which means paging occasion is less.
Proposal 3: Paging in NR needs to consider new PF/PO timing.
3 Conclusions
Based on the discussion above, we have the following observations and proposals: 

Observation 1: Text “paging” in the agreement at least included paging DCI.
Observation 2: Whether enough REs could be mapped paging in the SS blocks is uncertain due to uncertain overhead of paging and structure of SS blocks at this moment. If no, Alt2 could be used.
Observation 3: The second requirement to use Alt2 is the periodicity of SS burst set is bigger which means paging occasion is less.
Proposal 1: To discuss clearly, paging in NR should be divided into two parts including paging DCI and paging message if paging DCI be still needed in NR.

Proposal 2: NR needs to consider optimal structure of paging depending on overhead of paging and structure of SS blocks.
Proposal 3: Paging in NR needs to consider new PF/PO timing.
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