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[bookmark: _Ref178064866]In RAN1 #87 meeting, the following agreements regarding paging in NR were made.
	Agreements in RAN1 #87
For paging in multi-beam operation, support beam sweeping for paging, and study the following methods:
o    Alt-1: Multiplexing paging with SS blocks
§  FFS: Details of paging 
o    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 
o    Other alternatives are not precluded
o    Companies report their assumption for paging



Moreover, in RAN2#99bis meeting, RAN2 received LS from RAN1 [1] about NR paging mechanism, and responded to it. A summary of RAN1 LS and RAN2 response is as follows.
	LS from RAN1
RAN1 is considering the following options on NR paging mechanisms:
· Option 1: Paging DCI followed by Paging Message
· Note: These do not imply that they are consecutive
· Option 2: Paging group indicator triggering UE feedback and Paging DCI followed by Paging Message
· Option 3: Paging group indicator and Paging DCI followed by Paging Message
· Option 4: Paging DCI indicates use of Option 1 or 2.
Q: Per RAN2 definition on Paging Occasion, are the Paging DCI and Paging Message sent in the same Paging Occasion or they can be sent in the different Paging Occasions.
RAN2 Response
In LTE, one Paging Occasion (PO) is a subframe where there may be P-RNTI transmitted on PDCCH or MPDCCH or, for NB-IoT on NPDCCH addressing the paging message. 
PO defines a number of slots where the UE has to monitor the PDCCH (TS 38.300 section 9.2.5). RAN2 has not decided whether or not the message is in the same slot(s). RAN2 assume that RAN1 can make this decision. RAN2 think that paging design should consider UE power consumption.



In this contribution, we discuss the transmission of paging DCI and paging message in NR, considering the synchronization signal (SS) block transmission scheme.
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General descriptions
1.1.1 Paging control and paging data
Depending on RAN1 design, the paging DCI and paging message (paging data) may not be in the same slot(s). According to RAN2 reply LS [2], PO defines a number of slots where the UE has to monitor the PDCCH. In other words, if paging control and data are not transmitted in the same slot, the calculated PO location is for the control part, and cross-slot scheduling applies.
Proposal 1:	If paging control and data are not transmitted in the same slot, the calculated PO location is for the control part, and cross-slot scheduling applies.
1.1.2 Paging and SS blocks
When a UE wakes up from long sleep for a paging occasion, synchronization is needed. Unlike LTE where the PSS appears every 5ms, the periodicity of NR SS block may be much longer. The paging messages and SS blocks should be allocated so that UE is properly synchronized to receive paging. 
To improve the transmission efficiency for the multi-beam case with potential wide bandwidth, it is preferred to assign more UEs to the same paging occasions so that the paging can be less frequent while paging capacity requirements are still met. As a consequence, paging messages may occupy much larger bandwidth than SS blocks. 
Observation 1:	In NR, paging message may occupy much larger bandwidth than SS blocks.
Adding another round of beam sweeping for paging
1.1.3 Baseline solution for paging in NR
When another round of beam sweeping is performed for paging, the paging DCI and paging message may be consecutive or separated, as depicted in Fig. 1 and Fig. 2, respectively. 


Fig. 1.	Another round of beam sweeping with paging DCI and paging message in the same slot


Fig. 2. Another round of beam sweeping with separated paging DCI and paging message
Since multiplexing paging with SS blocks depends on RAN1 design, we should consider “another round of beam sweeping” as the baseline solution for paging transmission. Then it is up to RAN1 design whether paging DCI and corresponding paging message are consecutive or not.
[bookmark: _GoBack]Proposal 2:	Consider paging transmission using another round of beam sweeping as a baseline solution. It is up to RAN1 design whether paging DCI and corresponding paging message are consecutive or not.
Paging in LTE
The paging in LTE can be summarized as follows.
	PF is determined by: SFN mod T = (T div N)*(UE_ID mod N)
· T: DRX Cycle of the UE
· nB: Total number of POs in a DRX cycle
· N: Number of PFs in a DRX cycle = min (T, nB)
· UE ID: IMSI mod 1024
Then PO is determined by: i_s = floor (UE_ID/N) mod Ns
· Ns: Number of POs in a PF = max (1, nB/T)
· Mapping from i_s to subframe index in PF is pre-defined for each Ns value



Here are some design principles of paging in LTE:
· UEs are distributed across PFs and several POs in a PF, based on UE ID. 
· Several UEs can be mapped to same PO.
· Most to-be-paged UEs should receive paging message on monitored PO. A UE may not receive paging message due to Tx/Rx timing misalignment or insufficient paging capacity. In this case, the UE can monitor PO in next paging cycle.
1.1.4 Some concerns on PF allocation
According to RAN1 design, NR SS burst periodicity can be {5, 10, 20, 40, 80, 160} ms, and the SS burst may be transmitted in the first or second half of a radio frame (indicated in MIB). The paging cycle in NR has not yet been confirmed. Moreover, since SS burst may not be available frame in NR, the NR paging cycle should be configured as multiples of SSB periodicity. In this way, we ensure that there is a SS burst for UE pre-synchronization before each paging cycle. In fact, the LTE value range of {32, 64, 128, 256} radio frames meets the requirement and can be considered as a baseline.
Proposal 3:	NR paging cycle should be configured as multiples of SSB periodicity. LTE paging cycle value range is considered as baseline.
Gap between SS burst and paging DCI
To allow some time for RF switching and UE pre-synchronization, there should be some gap between the last SS block of a SS burst and the first paging DCI of corresponding PO. 
Proposal 4:	There should be some gap between the last SS block of a SS burst and the first paging DCI of corresponding PO.
Distance between SS burst and paging DCI
When paging message is transmitted with “another round of beam sweeping”, the paging DCI may be far from the previous SS block. When SS block periodicity is long, the pre-sync based on a SS block may not assist paging detection much. Also, UE power consumption may increase if it does not go to sleep between SS block and paging. Therefore, a reasonable design should locate paging DCI close enough to the SS block for pre-sync. This can be achieved by either (1) proper network configurations considering real-time conditions (e.g., QCL requirements), or (2) modifying PF formula with fixed duration between SS block and paging DCI. To reduce uncertainty and simplify UE design, the latter is preferred.
For short SS block periodicity (e.g., 5, 10, 20, or 40ms), pre-sync is not a problem since the density of SS bursts is high enough. For longer SS block periodicity (e.g., 80, 160ms), the UE may prefer that only a given number of frames after SS burst can be used as PF. In this case, some adjustment is needed for PF calculation.
Proposal 5:	The duration of PFs after each SSB should be limited. Only a given number of frames after SS burst can serve as PF. The LTE PF/PO calculation formula is modified accordingly.
1.1.5 Proposed PF formula
Method 1: PF calculation/adjustment method
We propose a simple two-step method for PF calculation and adjustment. First, PF is calculated using existing formula. Depending on nB value, some frame are assigned as PF but others are not. Then the frames are partitioned with boundaries at SSB-carrying frames. In each partition, several frames are assigned as allowed PF, and the calculated PF in each partition are reassigned to one of the allowed PFs.
An example is given in Fig. 3. In this example, SSB periodicity is set as 8 radio frames (SP = 8), SSB offset is 1 frame (SO = 1), so SSB appears when SFN = 1, 9, 17 and so on. We set nB = T/2 so every second frames can be calculated PF using LTE formula. Four frames after the SSB-carrying frame are allowed as PF in each partition of 8 radio frames.



Fig. 3.	PF adjustment for longer SSB periodicity

More precisely, the proposed PF calculation and adjustment procedure can be described by the following text.
	Step 1: Find Calculated PF (CPF) using current (LTE) formula, i.e., 
A frame is a CPF if SFN mod T = (T div N)*(UE_ID mod N)
Step 2: Adjust the PF:
For each CPF, let SFNSSB be the SFN of the previous SSB-carrying frame.
Let nPF = (SFNCPF - SFNSSB)
Note: To deal with SFN wrap-around, if (SFNCPF – SFNSSB) < 0, SFNCPF := SFNCPF + 1024
Assume K consecutive frames after SSB-carrying frame can be used as PF, the adjusted PF is given by
SFNPF = SFNSSB + k, where k = floor[nPF * K / SP] + 1



As a summary, we propose that for SSB periodicity longer than a threshold, only a given number of frames after SS burst can serve as PF. The threshold for SSB periodicity and the number of allowed PFs may be determined by other WGs (RAN1 or RAN4).
Method 2: Aggregated PF
As proposed above, for longer SSB periodicity, only several frames after each SS burst can serve as paging frames. An alternative is to consider these frames as an “aggregated” PF, and the calculated PF indicates the first frame in the aggregated PF. An example is given in Fig. 4.


Fig. 4.	Aggregated PF for longer SSB periodicity
More precisely, the proposed method to determine the aggregated PF can be described by the following text.
	Let T’ = T / SP and N’ = N / SP
For each UE, a sequence of SFN’ is chosen as
SFN’ mod T’ = (T’ div N) * (UE_ID mod N’)
The offset of SSB-carry frame is given by
SO = SFNSSB mod SP
Then for each SFN’, the corresponding PF has SFN as
SFN = SFN’ * SP + SO + 1



Proposal 6:	RAN2 to discuss and select a method for PF calculation.
1.1.6 Paging occasion
After locating its paging frame, a UE further looks for its paging occasion (PO) in the PF, based on UE ID. A PO indicates the location where UE monitors DCI, and may contain multiple slots. Considering multi-beam operation in NR, it may take more than one slot to transmit paging message with beam sweeping. If the PF is determined by Method 1 (adjusted PF), we define the pattern of POs which is applied in each PF. For Method 2 (aggregated PF), POs can be allocated jointly within an aggregated PF and allows a more flexible PO design (e.g., PO may be allocated across frame boundary).
Observation 2:	The aggregated PF method allows a more flexible PO design since the POs can be allocated jointly within an aggregated PF, and one PO may contain slots of multiple frames.
The PO calculation for each method can be described as follows.
	Method 1 (adjusted PF)
PO is determined by: i_s = floor (UE_ID/N) mod Ns
· Ns: Number of POs in a PF, Ns = max (1, nB/T)
· Mapping from i_s to slot index in PF is pre-defined for each Ns value
Method 2 (aggregated PF)
PO is determined by: i_s = floor (UE_ID/N) mod Ns’
· Ns: Number of POs in an aggregated PF, Ns’ = Ns * K, where K is the number of frames in an aggregated PF
· Mapping from i_s to slot index in PF is pre-defined for each Ns’ value


Proposal 7:	RAN2 to define PO pattern in each PF or aggregated PF. 
Conclusion
We have the following observation:
Observation 1:	In NR, paging message may occupy much larger bandwidth than SS blocks.
Observation 2:	The aggregated PF method allows a more flexible PO design since the POs can be allocated jointly within an aggregated PF, and one PO may contain slots of multiple frames.
It is proposed to discuss and decide on the following proposals:
Proposal 1:	If paging control and data are not transmitted in the same slot, the calculated PO location is for the control part, and cross-slot scheduling applies.
Proposal 2:	Consider paging transmission using another round of beam sweeping as a baseline solution. It is up to RAN1 design whether paging DCI and corresponding paging message are consecutive or not.
Proposal 3:	NR paging cycle should be configured as multiples of SSB periodicity. LTE paging cycle value range is considered as baseline.
Proposal 4:	There should be some gap between the last SS block of a SS burst and the first paging DCI of corresponding PO.
Proposal 5:	The duration of PFs after each SSB should be limited. Only a given number of frames after SS burst can serve as PF. The LTE PF/PO calculation formula is modified accordingly.
Proposal 6:	RAN2 to discuss and select a method for PF calculation.
Proposal 7:	RAN2 to define PO pattern in each PF or aggregated PF. 
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