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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.  This is an update to contribution R1-1802894.
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 (SSB) and CORESET multiplexing pattern as given by Section 13 of 38.213. The patterns are illustrated in Figure 1 below [1]. Correspondingly the bandwidth of the CORESET is determined given by the configuration used ( ={24,48,96}). 

[image: ]
Figure 1. Illustration of RMSI multiplexing patterns [2].

For SSB 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 through initial DL BWP.
On the other hand, for SSB 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 full slot allocations (e.g. 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 multiplexing patterns 2&3 and {SSB, 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 ~100MHz). Hence with the exclusion of {SSB, 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 BWP assumed for paging and OSI delivery.
It could be typically expected that the UE keeps RX open over the combined bandwidth in order to detect SS/PBCH block 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 SSB and RMSI multiplexing patterns 2 and 3. Figure 2 illustrates the extended BWP for the paging (and OSI) delivery, comprising CORESET and SSB bandwidth. 

Proposal 1: For SS/PBCH block and RMSI multiplexing patterns 2 and 3, support transmission bandwidth for PDSCH for paging (and OSI) which accounts the bandwidth available for RMSI CORESET + SS/PBCH block.
[image: ] 
Figure 2. Illustration of extended BWP for paging and OSI delivery.


Definition of the PDSCH BWP
Like noted above, Table 1 illustrates the bandwidth options for the above proposed extended bandwidth for the PDSCH carrying paging (and OSI). As discussed in RAN1#92, in some cases the combined bandwidth would result bandwidths that are rather close and slightly exceed the 100MHz bandwidth. While the UE minimum bandwidth support for FR2 has not yet been agreed, it was discussed that it might be preferable to allow keeping the initial access BW at 100MHz. 
The maximum transmission bandwidth configurations defined by RAN4 for FR2 are showing in Table 2 (Table 5.3.2-1 from [3]), and it can be seen from the table that 100MHz bandwidth corresponds to 132 PRBs and 66 PRBs, for 60kHz and 120kHz subcarrier spacings, correspondingly. Hence to account the preferred limitation to 100MHz, the combined extended bandwidth for PDSCH of paging (and OSI) should always be constrained to this limit. To achieve this, the PDSCH BWP bandwidth would be determined as   [PRB], where  is the SSB bandwidth in RB with RMSI numerology and   would define the maximum number of RBs for PDSCH. 
There is (at least) two ways to determine the value of . Either the  is defined based on maximum transmission bandwidth configurations given by RAN4, quoted above (using the RMSI PDCCH sub-carrier spacing), so that  is 66 [PRB] when {SSB, PDCCH} subcarrier spacing is {120, 120} kHz (or {240, 120} kHz) or 132 when {SSB, PDCCH} subcarrier spacing is {120, 60} kHz. Alternatively, the  could be set to a fixed value, e.g. 96 [PRB], resulting to similar maximum PDSCH BW as for pattern1.
Proposal 2: For SS/PBCH block and RMSI multiplexing patterns 2 and 3, the bandwidth for the paging (and OSI) PDSCH BWP could be defined to  [PRB], where value of  is determined based on the maximum transmission bandwidth configuration defined by RAN4 (based on RMSI PDCCH sub-carrier spacing) or set to fixed value (i.e. 96 PRBs), if the total bandwidth needs to be restricted below 100MHz. 
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




Table 2: Maximum transmission bandwidth configuration NRB
	SCS (kHz)
	50MHz
	100MHz
	200MHz
	400 MHz

	
	NRB
	NRB
	NRB
	NRB

	60
	66
	132
	264
	N.A

	120
	32
	66
	132
	264



The placement of the PDSCH combined BWP would also depend on the total number of RBs of the PDSCH  BWP, i.e. if the number of RBs is restricted below the combined bandwidth of SSB and RSMI CORESET. 
If the combined bandwidth of SSB + RMSI CORESET(+Gap) is smaller than , the BWP could contain fully both, SSB and CORESET, and the BWP could be placed correspondingly. When the bandwidth of the PDSCH would be restricted to  (e.g. 96 PRBs) rather than to the combined total bandwidth, it would need to be determined how the PDSCH BWP is placed in relation to SSB (and CORESET). As UE is expected to be monitoring for PDCCH, it would seem most natural to base the BWP location so that the CORESET is always fully contained within the BWP.
Thus, when the BWP for PDSCH for paging (and OSI) could cover both, SSB and CORESET, the BWP could start from the lowest PRB of the RMSI CORESET if the CORESET is lower in frequency than the SSB and from the lowest PRB corresponding the of the SSB after ssb-subcarrierOffset has been accounted if the SS/PBCH block is lower in frequency than the RMSI CORESET. 
When the BWP for the PDSCH could not cover both, the BWP for PDSCH allocation for paging (and OSI) would start from the smallest PRB index of the RMSI CORESET, if the CORESET is lower in frequency than the SSB. When the RMSI CORESET is on higher in frequency domain than SSB, the BWP would start from PRB that is   from the lowest PRB corresponding the of the SSB after ssb-subcarrierOffset has been accounted.
Hence, in other words, if the offset, , defined in Tables 13-7 to 13-10 in 38.213 is >0, the smallest RB index of the PDSCH BWP would  from the smallest RB index of the common RB overlapping with the first RB of SS/PBCH block. If the offset, , defined in Tables 13-7 to 13-10 in 38.213 is <0, the smallest RB index of the PDSCH BWP would be  from the smallest RB index of the common RB overlapping with the first RB of SS/PBCH block. 

Observation: The start RB index of the paging PDSCH BWP could be defined so that if the offset, , defined in Tables 13-7 to 13-10 in 38.213 is >0, the smallest RB index of the PDSCH BWP would  from the smallest RB index of the common RB overlapping with the first RB of SS/PBCH block. If the offset, , defined in Tables 13-7 to 13-10 in 38.213 is <0, the smallest RB index of the PDSCH BWP would be  from the smallest RB index of the common RB overlapping with the first RB of SS/PBCH block.

Initial DL BWP
Now it was also discussed in last meeting that most straight forward way to achieve the extension of the PDSCH BWP for paging (and OSI) for SS/PBCH block and RMSI multiplexing pattern2 and pattern3 would be to redefine the initial DL BWP for these cases. I.e. if SS/PBCH block and RMSI multiplexing pattern2 or pattern3 is used, the initial DL BWP would be defined to equal to  (as defined above), instead of the . If the combined bandwidth, , can always be agreed to cover both, SSB and CORESET bandwidth, the aspect raised in respect to RRM measurements and RLM in conjunction of pattern2 and 3 in [4], could be addressed as well. 
Hence, it is proposed that simplest approach by redefining the initial DL BWP for SS/PBCH block and RMSI multiplexing pattern2 and pattern3 would be adopted:
Proposal 3: Redefine the initial active DL BWP for SS/PBCH block and RMSI multiplexing pattern2 and pattern3 to cover  contiguous PRBs and the location to be determined based on the Type0-DPCCH CORESET location in relation to SS/PBCH block.
Corresponding text proposal to Section 12 of 38.213 is given in the Annex A at the end of the document.
Moreover, it was agreed in RAN1#AH1801and RAN1#92 that the DCI format of a single size schedules paging, RMSI, OSI and fall-back unicast in CSS, and this DCI format depends on the size of an initial active BWP (WA). Therefore, if larger paging BWP is supported, then this DCI format size should depend on the paging BWP instead. Note that if the initial DL BWP definition is updated as in Proposal 3, this would follow implicitly.
Proposal 4: If larger paging DL BWP is supported, then in CSS(s) in CORESET 0, use paging DL BWP size for DCI format size determination and RB numbering for DCI format 0-0 and 1-0 RA field interpretation.
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 (delivering RMSI) performance would be the limiting factor.
3	DCI format design for PDCCH monitored using P-RNTI
In RAN1#91 it was agreed that paging should contain short message indication for systemInfoModification, cmas-Indication, and etws-Indication. Furthermore, it has been discussed to introduce indication to the DCI regarding the release validity i.e. whether the paging is for Rel-15 UEs or not, but this has not yet been agreed. Hence, based on the current agreements, for paging monitoring the following DCI format is considered:
· If DCI format 1-0 with P-RNTI is used to schedule PDSCH carrying RMSI, the DCI contents are according to the table below
	Field
	Bits
	Comment

	Identifier for DCI formats
	1
	Reserved

	Frequency domain resource assignment
	[image: ]
	
is the size of the paging bandwidth part

	Time domain resource assignment
	X
	Use resource allocation table corresponding to the SS/PBCH block and control resource set multiplexing pattern

	VRB-to-PRB mapping
	1
	

	Modulation and coding scheme
	5
	Use MCS table without 256QAM (UE capabilities not yet known)

	Short message indicator
	1
	Indication whether paging message is in scheduled PDSCH or in this DCI

	[bookmark: _Hlk510779046]Short paging message content
	[xx]
	[bookmark: _Hlk510779079]If short message indicator = ’1’, this field provides either systemInfoModification, cmas-Indication, and etws-Indication (up to RAN2 to define)



Proposal 5: Adopt described DCI format description to TS 38.212.
Corresponding text proposal can be found in Annex B at the end of the document.


4	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 through 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 accounts the bandwidth available for RMSI CORESET + SS/PBCH block.
In last RAN1 meeting it was discussed that it could be preferred to restrict the total bandwidth for initial access to 100MHz. While the UE supported minimum bandwidth has not been yet agreed for FR2, following proposal is made, enabling the limitation of the total bandwidth:
Proposal 2: For SS/PBCH block and RMSI multiplexing patterns 2 and 3, the bandwidth for the paging (and OSI) PDSCH BWP could be defined to  [PRB], where value of  is determined based on the maximum transmission bandwidth configuration defined by RAN4 (based on RMSI PDCCH sub-carrier spacing) or set to fixed value (i.e. 96 PRBs), if the total bandwidth needs to be restricted below 100MHz. 
Consequently, when the PDSCH bandwidth is less than  , the placement of the BWP will need to be adjusted. Following the assumed preference to place the PDSCH BWP so that it would fully cover the CORESET (of Type0-PDCCH), following observation is made: 
Observation: The start RB index of the paging PDSCH BWP could be defined so that if the offset, , defined in Tables 13-7 to 13-10 in 38.213 is >0, the smallest RB index of the PDSCH BWP would  from the smallest RB index of the common RB overlapping with the first RB of SS/PBCH block. If the offset, , defined in Tables 13-7 to 13-10 in 38.213 is <0, the smallest RB index of the PDSCH BWP would be  from the smallest RB index of the common RB overlapping with the first RB of SS/PBCH block.
Following the discussions in the last meeting that most straight forward way (from specification perspective) to introduce the extension of the PDSCH BWP for paging (and OSI) for SS/PBCH block and RMSI multiplexing pattern2 and pattern3 would be to redefine the initial DL BWP for these cases, following proposal is made: 
Proposal 3: Redefine the initial active DL BWP for SS/PBCH block and RMSI multiplexing pattern2 and pattern3 to cover  contiguous PRBs and the location to be determined based on the Type0-DPCCH CORESET location in relation to SS/PBCH block.
Corresponding text proposal to Section 12 of 38.213 is given in the Annex A at the end of the document.
In addition, following the agreements made in RAN1#AH18-01 regarding the DCI format size, following proposal is made. Note that if the initial DL BWP definition is updated as in Proposal 3, this would follow implicitly.
Proposal 4: If larger paging DL BWP is supported, then in CSS(s) in CORESET 0, use paging DL BWP size for DCI format size determination and RB numbering for DCI format 0-0 and 1-0 RA field interpretation.
Furthermore, in Section 3, a proposal is made for the paging DCI format based on the current agreements.
Proposal 5: Adopt described DCI format description to TS 38.212.
Corresponding text proposal can be found in Annex B at the end of the document.
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Annex A. Text proposal to Section 12 of 38.213 

==== Text proposal starts (TS 38.213)====
[bookmark: _Ref496621482][bookmark: _Toc508784717][bookmark: _Toc492222145]12	Bandwidth part operation 
--- Parts that are not affected are omitted ---
[bookmark: _Hlk510606413]For SS/PBCH block and control resource set multiplexing pattern 1, Aan initial active DL BWP is defined by a location and number of contiguous PRBs, a subcarrier spacing, and a cyclic prefix, for the control resource set for Type0-PDCCH common search space. For SS/PBCH block and control resource set multiplexing pattern 2 and 3, number of contiguous PRBs, , for an initial active DL BWP is defined as , where offset is defined in defined in Tables 13-7 to 13-10 in Section 13,  is the SS/PBCH block bandwidth in number of RB assuming the subcarrier spacing for Type0-PDCCH common search space. The value of  is determined based on assuming 100MHz channel bandwidth and Type0-DPCCH common search space subcarrier spacing from Table 5.3.2-1 in [8-2]. For SS/PBCH block and control resource set multiplexing pattern 2 and 3, the PRB offset of the of the initial active DL BWP is defined with respect to the smallest RB index of the initial active DL BWP to the smallest RB index of the common RB overlapping with the first RB of the SS/PBCH block and is given as .
For operation on the primary cell, a UE is provided by higher layer parameter initial-UL-BWP an initial active UL BWP for a random access procedure. If the UE is configured with a secondary carrier on the primary cell, the UE can be configured with an initial BWP for random access procedure on the secondary carrier.
========== END of Text Proposal (TS 38.213) =========



Annex B. Text proposal to Section 7 of 38.212


========== START of Text Proposal (TS 38.212) =========
7.3.1.2	DCI formats for scheduling of PDSCH 
7.3.1.2.1	Format 1_0

== UNCHANGED TEXT OMITTED ==
The following information is transmitted by means of the DCI format 1_0 with CRC scrambled by P-RNTI:
· Short Messages Indicator – 1 bit. This bit is used to indicate whether the short message only or scheduling information only is carried in the Paging DCI.
· If the short message indicator is set to 0:
-	Identifier for DCI formats – 1 bit, reserved

-	Frequency domain resource assignment – bits

-	 is the size of the paging bandwidth part
-	Time domain resource assignment – X bits as defined in Subclause 5.1.2.1 of [6, TS38.214]
-	VRB-to-PRB mapping – 1 bit
-	Modulation and coding scheme – 5 bits as defined in Subclause 5.1.3 of [6, TS38.214], using Table 5.1.3.1-1
-	If the short message indicator is set to 1:
-	Short paging message content – [XX] bits provide indication of system information update and other fields as defined in [38.331]
========== END of Text Proposal (TS 38.212) =========
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