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1	Introduction
In RAN1#91, the following agreements and conclusion were made pertaining to paging channel design [1]:
	Agreements:
· [OSI related part omitted]
· For paging,
· The following parameters for paging are explicitly signaled in the corresponding OSI/RMSI.
· It is up to RAN2 where the paging configuration is provided
· Paging occasion configuration, e.g., time offset, duration, periodicity
· [It is up to RAN2 how to configure the paging occasion.]
· PDCCH configuration which gives search space configuration including monitoring occasions within the paging occasion.
· For paging CORESET configuration, reuse the same configuration for RMSI CORESET as indicated in PBCH.
Agreements:
· UE may assume QCL between SS Blocks, Paging DCIs and Paging Messages.
· UE is not required to soft combine multiple Paging DCIs within one PO.
Agreements:
· NR supports sending of short paging messages e.g. systemInfoModification, cmas-Indication, and etws-Indication if supported in NR, in the Paging DCI.
Conclusion:
· No additional paging mechanism is supported in Rel-15




In this contribution we discuss the open issue related to the bandwidth of paging delivery in NR. 
2	Bandwidth of the PDSCH delivering the paging
It has been agreed that the RMSI PDCCH defines the initial DL BWP and that and PDSCH delivering the RMSI is contained within the initial DL BWP part (RAN1#90bis). For PDSCH delivering paging (and OSI) this has not yet been concluded. In this section we discuss this aspect.

As quoted in Introduction the agreement is that the CORESET configuration given by PBCH is used also for paging (as reflected in Section 10.1 of 38.213). This, based on our recollection of the discussions, covers also the frequency location of the CORESET, while time domain parameters related to search space, like starting symbol index, can be given by search-space configured by OSI/RMSI. The frequency position of the CORESET depends on the PRB offset and SS/PBCH block and CORESET multiplexing pattern as given by Section 13 of 38.213. The patterns are illustrated in Figure 1 below [2]. Correspondingly the bandwidth of the CORESET is determined given by the configuration used (={24,48,96}). 

[image: ]
Figure 1. Illustration of RMSI multiplexing patterns [1].

For SS/PBCH block and CORESET multiplexing pattern 1, the time multiplexing approach allows together with larger range of frequency offsets, the full available range of PRBs from set {24,48,96} PRBs to be used for PDCCH and correspondingly for the PDSCH within in the limits of initial active DL BWP. Hence for multiplexing pattern 1, it would be possible to use the same BWP assumption for PDSCH delivering paging and OSI as assumed for RMSI delivering PDSCH.
Observation: For SS/PBCH block and CORESET multiplexing pattern 1 would enable using full extend of the system bandwidth up to 96 PRB for paging and OSI delivery though initial DL BWP.

On the other hand, for SS/PBCH block and CORESET multiplexing pattern 2 and 3, the intent was to enable multiplexing of RMSI delivery with SS/PBCH (for pattern 2 and 3, and also the scheduling for pattern 3). These patterns can be used for FR2 frequency bands (i.e. above 28GHz) where analog or hybrid beam forming is typically considered. This implies that scheduling flexibility in terms of frequency domain is restricted by users’ spatial distribution. Also, when considering paging, it would be beneficial to limit the time required for beam sweep by shortening the PDSCH duration (i.e. using mini-slots). However, mini-slots require wider allocations for the same payload compared to slots (up to 7x). Therefore, support of wide BW for delivery is essential. In Table 1 the initial DL BWP bandwidths and total sum bandwidth of initial DL BWP and SS/PBCH BW are given for different patterns and {SS/PBCH block, PDCCH} subcarrier spacings. When considering the total available system bandwidth, depicted in last columns it can be seen that if paging is delivered only by using the initial active DL BWP, significant portion of the bandwidth available would be unused. (It is good to note that all cases this combined bandwidth is still restricted to at most 100MHz). Hence with the exclusion of {SS/PBCH block, PDCCH} subcarrier spacing combination {120,60} kHz where =96 PRB is supported, it would seem beneficial to consider extending the initial active BWP for paging and OSI delivery. 
Observation: For SS/PBCH block and CORESET multiplexing pattern 2 and 3 it would seem beneficial to enable extending the initial active BWP for paging and OSI delivery.
It’s worth to note that the combined SS/PBCH block + RMSI CORESET bandwidth in multiplexing patterns 2 and 3 is within minimum UE bandwidth. And it’s also expected that the UE keeps RX open over the combined bandwidth in order to detect SS/PBCH for time and frequency synchronization tracking together with RMSI reception. Thus, one solution could be to enable extending bandwidth where PDSCH for paging (and OSI) is transmitted beyond RMSI CORESET bandwidth for SS/PBCH block and RMSI multiplexing patterns 2 and 3. One solution would be that gNB may configured the extended bandwidth which would span the SS/PBCH block bandwidth + RMSI CORESET bandwidth in case of multiplexing patterns 2 and 3. In other words, there could be two options for the bandwidth where PDSCH for paging and OSI can be transmitted:
1) Bandwidth corresponding to RMSI CORESET
2) Bandwidth corresponding to RMSI CORESET bandwidth + SS/PBCH block bandwidth (+guard existing between the two) (total bandwidth remains within UE minimum bandwidth)
Proposal 1: For SS/PBCH block and RMSI multiplexing patterns 2 and 3, support transmission bandwidth for PDSCH for paging (and OSI) which equals to RMSI CORESET + SS/PBCH block bandwidth.
In 2) the PRB indexing for PDSCH allocation for paging and OSI starts from the lowest PRB of the RMSI CORESET if the CORESET is lower in frequency than the SS/PBCH block and from the lowest PRB corresponding the of the SS/PBCH block after ssb-subcarrierOffset has been accounted if the SS/PBCH block is lower in frequency than the RMSI CORESET.
Proposal 2: For the extended bandwidth, the PRB indexing for PDSCH allocation for paging (and OSI) starts from the lowest PRB of the RMSI CORESET if the CORESET is lower in frequency than the SS/PBCH block and from the lowest PRB corresponding the of the SS/PBCH block after ssb-subcarrierOffset has been accounted if the SS/PBCH block is lower in frequency than the RMSI CORESET.
Since the UE knows from the PBCH the SS/PBCH and RMSI multiplexing pattern, RMSI SCS, RMSI CORESET bandwidth, SS/PBCH bandwidth and the location of RMSI CORESET in relation to SS/PBCH location in frequency it would require only one-bit signaling information to indicate the UE options for the bandwidth where PDSCH for paging (and OSI) can be transmitted:
1) Bandwidth corresponds to RMSI CORESET
2) Bandwidth corresponds to RMSI CORESET bandwidth + SS/PBCH block bandwidth (+gap existing between the two) (total bandwidth remains within UE minimum bandwidth)
This one-bit information can be provided in RMSI or already in NR-PBCH. 
Observation: One-bit information about selection of bandwidth for PDSCH for paging and OSI can be in RMSI or in NR-PBCH. 
Table 1. illustrates the bandwidth options for the above proposed extended bandwidth for the PDSCH carrying paging and OSI. Furthermore, Figure 2 illustrates the extended BWP for the paging and OSI delivery. 
Table 1. BWP sizes for different multiplexing patterns
	SS/PBCH block and CORESET multiplexing pattern
	RMSI scs
[kHz]
	

[PRB]
	Initial DL BWP
[MHz]
	SSB scs
[kHz]
	SSB BW
[MHz]
	Gap
[RB, RMSI scs]
	Sum BW
[MHz]
	Sum BW
[PRB, RMSI scs]

	Pattern2
	
	
	
	
	
	
	
	

	{120,60} kHz
	60
	48
	34,56
	60
	28,8
	2
	64,8
	90

	{120,60} kHz
	60
	96
	69,12
	60
	28,8
	2
	99,36
	138

	{240,120} kHz
	120
	24
	34,56
	120
	57,6
	2
	95,04
	66

	
	
	
	
	
	
	
	
	

	Pattern3
	
	
	
	
	
	
	
	

	{120,120} kHz
	120
	24
	34,56
	120
	28,8
	2
	66,24
	46

	{120,120} kHz
	120
	48
	69,12
	120
	28,8
	2
	100,8
	70
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Figure 2. Illustration of extended BWP for paging and OSI delivery.

If the Proposal 2 is adopted, an update to section 12 of TS 38.213 would be required. Moreover, it was agreed in RAN1#AH1801 that the DCI format of a single size schedules paging, RMSI, OSI and fall-back unicast in CSS#0 in CORESET#0. This DCI format depends on the size of an initial active BWP. Therefore, if larger paging BWP is supported, then this DCI format size should depend on the paging BWP instead.
Proposal 3: If larger paging DL BWP is supported, then in CSS(s) in CORESET 0, use paging DL BWP for DCI size determination and RB numbering for DCI format 0-0 and 1-0.
It is also good to note that in principle, at least for pattern 2, the RMSI PDCCH bandwidth could also be determined to cover the total bandwidth i.e. the SS/PBCH block bandwidth and PDSCH bandwidth. This would provide more capacity on the CORESET (via multiplexing) while it could be assumed that the PDSCH performance would be the limiting factor.   
3	Conclusions 
In this contribution, we discussed about enhancing the system operation related to paging and OSI delivery via means of enabling extended bandwidth for PDSCH carrying paging or OSI in case of SS/PBCH and RMSI multiplexing patterns 2 or 3 is used. Based on the discussion, the following observations and proposals are made:
Observation: For SS/PBCH block and CORESET multiplexing pattern 1 would enable using full extend of the system bandwidth up to 96 PRB for paging and OSI delivery though initial DL BWP.
Observation: For SS/PBCH block and CORESET multiplexing pattern 2 and 3 it would seem beneficial to enable extending the BWP assumed for paging and OSI delivery.
Proposal 1: For SS/PBCH block and RMSI multiplexing patterns 2 and 3, support transmission bandwidth for PDSCH for paging and OSI which equals to RMSI CORESET + SS/PBCH block bandwidth.
[bookmark: _GoBack]Proposal 2: For the extended bandwidth, the PRB indexing for PDSCH allocation for paging (and OSI) starts from the lowest PRB of the RMSI CORESET if the CORESET is lower in frequency than the SS/PBCH block and from the lowest PRB corresponding the of the SS/PBCH block after ssb-subcarrierOffset has been accounted if the SS/PBCH block is lower in frequency than the RMSI CORESET.
Observation: One-bit information about selection of bandwidth for PDSCH for paging and OSI can be in RMSI or in NR-PBCH. 
Proposal 3: If larger paging DL BWP is supported, then in CSS(s) in CORESET 0, use paging DL BWP for DCI size determination and RB numbering for DCI format 0-0 and 1-0.
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