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1. Introduction

RAN2 has received an LS from RAN1 indicating the details of the association between the monitoring windows for paging DCI and DCI for other system information (OSI) with the SSBs. According to this LS, the association between the transmitted SSB (i.e. the actually transmitted SSB) and the monitoring windows for paging and OSI are left to be decided by RAN2 – see below:

	The following have been agreed in this RAN1 meeting: 

· The association between actual transmitted SSB and the monitoring window of PDCCH containing the Paging DCI and the broadcast OSI DCI can be respectively configured via RMSI.

· It is up to RAN2 on how to do the above configuration.

· The default association between SSB index and monitoring window of PDCCH containing a Paging DCI and a broadcast OSI DCI is same as that between SSB index and its RMSI monitoring window.



In this contribution, we discuss the details of this association and propose a way forward on how the work can be progressed in RAN2 and RAN1. 

2. Default association between SSB-ID and MW for paging

Per the current agreements in RAN1 and RAN2, the following is the status of the paging mechanism for NR:

· Beam sweeping is possible for paging

· The PO duration is same as the duration of beam sweeping

· It is possible to multiplex paging and RMSI both in time and frequency with SSB

· Three different patterns are possible for the above (details can be found in [1] but these details are not necessary for the current discussion in this paper and hence are omitted) 

· Only multiplexing in time is possible in FR1 

· Multiplexing in time and frequency are possible in FR2

Based on the above, it is clear that the UE needs to be aware of a position – in time – relative to the best beam (i.e. SSB ID) where it can potentially receive the paging (and OSI) DCI and/or Paging message. This location is called the monitoring window (MW) for paging. 

Observation 1: The UE needs to be aware of a relative location – with respect to the best SSB ID – where it may potentially receive paging DCI and this location is called the monitoring window for paging (MW).
It should be noted that similar considerations are also applicable for RMSI and hence, there is already such a monitoring window defined by RAN1 for RMSI [1]. In addition, RAN1 has also agreed that by default, the RMSI and paging have the same monitoring windows [2]. Given this, the default monitoring window for paging can be collocated (in time) but separated in frequency with respect to the monitoring window for RMSI. This is depicted in Figure 1 below.
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Case 1: SSB and PO are TDMed – applicable to both FR1 and FR2
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Case 2: SSB and PO are FDMed – applicable to FR2
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	Figure 1: Monitoring window for paging DCI using default association with SSB-ID 


Observation 2: When using the default association between the SSB-ID and the MW for paging, the UE uses the same monitoring window for RMSI and paging – i.e. the same formula as the one noted in 38.213 clause 13. 

3. Alternative association between the transmitted SSB-ID and paging DCI
Not all SSBs need to be transmitted in a given cell (this depends on how many beams are used in the cell). RAN1 LS indicates that along with the default association discussed in section 2 above, there is also a possibility to configure an alternative association for the actually transmitted SSBs in the cell. If configured, the use of such an alternative association should be signaled to the UE and this may be signaled in the RMSI. With this alternative association a different mapping for MWs and the actually transmitted SSB-IDs (compared to the default association) may be signalled. 

It should be noted that the UE would be aware of the actually transmitted SSB-IDs via the ssb-PositionsInBurst parameter in SIB1. Further, the UE will also be monitoring the best beam (i.e. the SSB-ID corresponding to the best beam) for paging. For an example scenario where only SSBs 0 and 2 are transmitted (i.e. SSBs 1 and 3 are not transmitted), two possible MW mappings are depicted in 3 below (for simplicity only the TDM scenario is depicted although the concepts are applicable both to TDM and FDM options shown in Figure 1). 
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Option 1: Default association is used even for the actually transmitted SSBs
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Option 2: A new mapping is used to associate the actually transmitted SSB-IDs with MWs  

	Figure 3: Monitoring window for paging DCI for the actually transmitted SSB-IDs


With option 1 above, the default mapping is used for all cases. With the assumption that the UE only monitors the paging DCI in the MW corresponding to the best SSB-ID, if some of the SSBs are not transmitted, then the UE will simply not monitor the associated MW for paging DCI. So, the corresponding search space may simply be reused by the network to transmit other data (i.e. data other than paging). 

With option 2, a new association is used for the transmitted SSBs. In this case, it is feasible to remap the associated monitoring windows for the actually transmitted SSBs. One such possible remapping is depicted in Figure 2 (option 2). With this remapping, the associated monitoring windows have been moved next to each other.  The advantage of this new mapping is that the PO is now shorter since the MWs for paging are next to each other and hence is better from UE power consumption perspective.  Reducing the PO duration according to option 2 will also help in some scenarios to fit the PO within one Radio Frame and hence increases the overall paging capacity (this is depicted in Figure 4). 
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Figure 4: Monitoring window for paging DCI for the actually transmitted SSB-ID


It should be noted that with the alternative mapping, there is still a one to one mapping between the MWs and the transmitted SSBs (same as option 1). All that is needed with the alternative mapping is that for each MW, the UE determines an offset with respect to the default monitoring window to derive a new monitoring window position for paging DCI. Since the UE knows the IDs of the actually transmitted SSBs, the UE can derive this offset. All that is needed in this case is to let the UE know whether to use the default association or the new association and hence a single bit in RMSI can be used to indicate whether the default association (per option 1 above) is to be used or if an alternative association for the actually transmitted SSBs (per option 2 above) shall be used. 

Thus, we propose the following: 

Proposal 1: An indication (1 bit) is added in the RMSI to indicate whether to use the default association or the alternative association for SSB to paging/OSI DCI mapping

Proposal 2: If default association is indicated, the UE uses the same RMSI MW also for paging/OSI DCI 

Proposal 3: If alternative association is indicated, the UE assumes the new monitoring windows such that the monitoring windows are consecutive, starting from the monitoring window corresponding to the first transmitted SSB. 

Proposal 3a: The UE uses the alternative association by deriving an offset based on the location of the actually transmitted SSBs and uses this for the MWs for paging/OSI DCI.

4. Conclusion and proposals

Based on the above, the observations and proposals are: 
Observation 1: The UE needs to be aware of a relative location – with respect to the best SSB ID – where it may potentially receive paging and this location is called the monitoring window for paging.
Observation 2: When using the default association between the SSB-ID and the MW for paging, the UE uses the same monitoring window for RMSI and paging. 

Observation 3: When using the default association between the SSB-ID and the MW for paging, the UE uses the same calculation table of different multiplex Patterns for RMSI and paging.

Proposal 1: An indication (1 bit) is added in the RMSI to indicate whether to use the default association or the alternative association for SSB to paging/OSI DCI mapping.
Proposal 2: If default association is indicated, the UE uses the same RMSI MW also for paging/OSI DCI. 

Proposal 3: If alternative association is indicated, the UE assumes the new monitoring windows such that the monitoring windows are consecutive, starting from the monitoring window corresponding to the first transmitted SSB. 

Proposal 3a: The UE uses the alternative association by deriving an offset based on the location of the actually transmitted SSBs and uses this for the MWs for paging/OSI DCI.
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