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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#91, the following about paging design is agreed [1]:
· 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.
In this contribution, we address the remaining issues for NR paging operation. 

Discussion
Paging CORESET slots corresponding to an SS/PBCH block
In Section 10.1 of TS38.213 v2.0.0, it says: “For Type0A-PDCCH common search space or for Type-2 PDCCH common search space, the control resource set is the same as the control resource set for Type0-PDCCH common search space.” However, not all of the RMSI configuration can be used to paging, such as the SS/PBCH index. As described in Section 13 of TS38.213, the slot index calculation of the i-th PDCCH occasion is associated to the i-th SS/PBCH block for RMSI. 
For Paging, it should be based on the actually transmitted SS/PBCH block(s). When UE receives the paging message, the SS/PBCH block position and index in half frame are known for UE. Based on this knowledge, the position of paging PDCCH occasion corresponding to an SS/PBCH block should be based on the actually transmitted SS/PBCH block(s). There is no need to reserve some monitoring window for some non-transmitted SS/PBCH block(s), since UE knows the non-transmitted SS/PBCH block(s). Thus, the PO has shorter time duration and a frame can support more POs, thereby providing higher paging capacity.
Proposal 1: For paging, the PDCCH occasion index i used to calculate the slot position of the i-th PDCCH occasion is indexed based on the actually transmitted SS/PBCH blocks as indicated in RMSI.
A proposed TP to 38.213 is provided in the Appendix.
FDM transmission of Paging 
NR supports RMSI CORSET FDMed with SS/PBCH block to avoid another round of beam sweeping for overhead reduction. Furthermore, we have also agreed that frequency location and bandwidth for broadcast OSI CORESET are the same as those for the corresponding RMSI CORESET. Therefore, it is also nature to support FDMed transmission of QCLed SS/PBCH block and Paging CORSET. If only FDMed paging CORSET is not enough to satisfy the Paging capacity, TDMed Paging CORSET could be further configured. Note that PDCCH configuration for Paging in OSI/RMSI which gives search space configuration includes monitoring occasions within the paging occasion, therefore, the PDCCH configuration should support FDMed configuration.
In addition, the frequency offset in PRB level between RMSI CORESET and SS/PBCH block is defined as the frequency difference from the lowest PRB of RMSI to the lowest PRB of SS/PBCH block. Similarly, the frequency resources of Paging CORESET could also be defined by frequency offset in terms of the number of PRBs. 
The details of the configuration could be based on the final agreed RMSI CORSET configuration table. As a result, we have following proposal
Proposal 2: NR supports FDMed transmission of QCLed SS/PBCH block and Paging CORESET: 
· The frequency resources of Paging CORESET are defined by frequency offset in terms of the number of PRBs. 
· PDCCH configuration in OSI/RMSI including the FDMed and/or TDMed information
In LTE, two parameters are configured to calculation the PFs, the first is DRX periodicity T whose values are 32, 64, 128, 256 system radio frames; and the second parameter is PO number nB in a DRX periodicity whose values are 4T, 2T, T, T/2, T/4, T/8, T/16, T/32. The paging frame can be calculated based on the SFN mod T= (T div N)*(UE_ID mod N) where N is N= min(T,nB).  Every (T div N)th frame is a paging frame for some UE.
When nB>=T or paging message is TDMed with SS/PBCH block, the LTE method of paging frame calculation can be used to NR. However, When nB<T and paging message is TDMed with SS/PBCH block, there are three cases to be considered, as shown in Figure 3. For case (a), in a DRX periodicity, the PF number equals to the SS burst set number in a DRX cycle. For case (b), in a DRX periodicity, the PF number is larger than the SS burst set number in a DRX cycle. For case (c), in a DRX periodicity, the PF number is smaller than the SS burst set number in a DRX cycle.
The red frames in the Figure 1 are the paging frames calculated based on the LTE methods. Furthermore, for SS burst set, it may appears in any one frame in a SS burst set periodicity which is one of 5ms, 10ms, 20ms, 40ms, 80ms,160ms. This figure gives the TDMed cases to show that based on LTE methods, SS/PBCH block frame and paging frame may not be the same frame and we cannot limit the frames of SS burst set because of paging information. The SS burst set location has higher priority.
When the paging CORESET is multiplexed with SS/PBCH block in FDM manner, an offset needs to be introduced to calculate the actual PF location which is based on the frame index of SS burst set in a SS burst set periodicity. One of calculation formula for Paging frames FDMed with SS/PBCH block is (SFN - offset) mod T= (T div N)*(UE_ID mod N), such as offset=3 for 4th system radio frame of 40ms SS burst set periodicity as shown in Figure 2(a) since frames of SS burst set value in a burst set periodicity is 3 and offset=1 for 2nd system radio frame of 20ms SS burst set periodicity as shown in Figure 2(c) since frames of SS burst set value in a burst set periodicity is 1.
[image: ]
Figure 1: Relationship of paging frame and SS frame
[image: ]
Figure 2: After applying offset to paging frame
In general, the offset can be calculated based on the values of (T div N), the SS paging block period S, and the SFN K that contains the first SS/PBCH block after SFN=0.  With no offset, SFN 0 is always a paging frame; the objective is to align the paging frames with the SS frames, so the offset is exactly K, provided that S <= (T div N) (i.e. there are at least as many SS frames as paging frames: cases (a) and (c) above).  If S > (T div N), the offset is S-K as seen in case (b) above. 
Proposal 3: Inform RAN2 that an offset should be introduced to calculate for actual PF location when paging DCI is FDMed with SS/PBCH block.
In LTE, the maximum number of POs is 4 in a frame which occupy 4 subframes in TDM manner, and the maximum number of paged UE is 16 in a PO, so the maximum capacity of LTE is 16*4=64 UEs in a frame.
In the NR design, its maximum capacity should be not smaller than LTE. So the maximum number of paged UEs in a frame is not smaller than 64 to meet the capacity. If the maximum number of UEs in a PO is 16 which is same to LTE, the number of POs in a frame will be 4 which is also same to LTE and meeting the capacity. 
The maximum number of SS/PBCH blocks is 8 for below 6GHz which implicitly indicate that the maximum beam number is 8. Since the paging message is based on the beam sweeping and each paging message occupies one slot for each beam, one PO duration will be 8 slots.
If satisfying the NR capacity same to LTE, the maximum number of POs is 4 and will need 4*8=32 slots in a frame. However, there are two types of sub-carrier space (SCS) for below 6GHz, which are 15KHz and 30KHz and the number slots in a frame are 10 and 20, respectively. All of them allocated to paging cannot meet the capacity with TDM manner. 
To satisfy the capacity same to LTE, the POs should not be TDMed with each other. In the frequency domain, more than one POs can be configured to reduce the beam sweeping overhead and increase the paging capacity as illustrated in following figure 3. Specifically, the FDMed POs could share the same transmit beam. The FDMed POs could be assigned to different UE based on similar grouping mechanism in LTE, i.e., based on UE ID. To reduce the configuration overhead, multiple POs can be configured together in a PF.
[image: ]
Figure 3: Paging configuration
Proposal 4: Multiple FDMed POs should be supported to save beam sweeping overhead and increase paging capacity and inform this to RAN2.


Summary of proposals
The proposals made in this paper are summarized as follows:
Proposal 1: For paging, the PDCCH occasion index i used to calculate the slot position of the i-th PDCCH occasion is indexed based on the actually transmitted SS/PBCH blocks as indicated in RMSI.
[bookmark: _GoBack]Proposal 2: NR supports FDMed transmission of QCLed SS/PBCH block and Paging CORESET: 
· The frequency resources of Paging CORESET are defined by frequency offset in terms of the number of PRBs. 
· PDCCH configuration in OSI/RMSI including the FDMed and/or TDMed information
Proposal 3: Inform RAN2 that an offset should be introduced to calculate for actual PF location when paging DCI is FDMed with SS/PBCH block.
Proposal 4: Multiple FDMed POs should be supported to save beam sweeping overhead and increase paging capacity and inform this to RAN2.
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Appendix
TP for index calculation of paging PDCCH occasion slot in TS 38.213 v2.0.0
[bookmark: _Toc500952679]---------------------------------- Start of Text Proposal ---------------------------------
<Unchanged parts omitted>
[bookmark: _Ref500334477][bookmark: _Toc501054906]13	UE procedure for monitoring Type0-PDCCH common search space




A UE determines a number of consecutive resource blocks and a number of consecutive symbols for the control resource set of Type0-PDCCH common search space from the first four bits of RMSI-PDCCH-Config as described in Tables 13-1 through 13-8 and determines PDCCH monitoring occasions from the second four bits of RMSI-PDCCH-Config as described in Tables 13-9 through 13-13 where  and  are the SFN and slot of the control resource set and  and  are the SFN and slot of the SS/PBCH block, respectively. For Type0-PDCCH common search space, PDCCH monitoring occasion index i is indexed based on all the possible SS/PBCH blocks, where the locations in the time domain are described in clause 4.1 of [TS38.213]. For Type2-PDCCH common search space, the index is based on the actually transmitted SS/PBCH blocks SSB-transmitted-SIB1 as indicated in SIB1.
The offset in Tables 13-1 through 13-8 is defined with respect to the subcarrier spacing of the control resource set and is the difference between the smallest RB index of the SS/PBCH block and the smallest RB index of the control resource set for Type0-PDCCH common search space. Condition A or condition B in Tables 13-1 through 13-8 corresponds to the case of PRG [6, TS 38.214] alignment or non-alignment, respectively, between SS/PBCH block RBs and RBs of the control resource set for Type0-PDCCH common search space. 
<Unchanged parts omitted>
------------------------------------End of Text Proposal -------------------------------
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