3GPP TSG RAN WG1 Meeting #91	R1-1719373
Reno, USA, 27th Nov – 1st Dec 2017

Agenda Item:	7.1.3
Source:	Huawei, HiSilicon
Title:	Finalization of NR Paging
Document for:	Discussion and decision 

[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#90bis, the following about paging design is agreed [1]:
· At least Option 1 (Paging scheduling DCI followed by Paging Message) is supported
· From RAN1 perspective, paging scheduling DCI and Paging Message are sent at least in the same slot
· From RAN1 perspective, NR supports LTE-like UE grouping where UE is specifically configured of its PO/slot. This is considered part of Option 1.
· Details of UE grouping are up to RAN2
· At least some parameters for Paging Occasions are explicitly signaled. 
· RAN1 understands this includes at least periodicity for the UE to monitor the paging scheduling DCI.
· Up to RAN2 to decide whether the above such information is in RMSI or OSI
· FFS: whether to support FDM of Paging Occasions and it’s configuration 
· UE may assume QCL between SS Blocks, Paging DCIs and Paging Messages
· FFS: The details on the associations between SS/PBCH blocks and possible subsets of Paging DCI/Messages.
· NR supports both slot and non slot based PDSCH  transmissions for Paging delivery
· For the non-slot based transmission, 2, 4 and 7 OFDM-symbol duration for the Paging PDSCH is supported
· [bookmark: _Ref129681832]FFS: Support of non-slot for PDCCH for Paging delivery
The remaining issues have been summarized in [2]. In this contribution, we address these remaining issues for NR paging operation. 

Discussion
Paging Mechanism 
In RAN1 NR#3, the following options for NR paging operation were identified:
· For paging, RAN1 to down-select from the following options
· 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. 
To reduce the downlink overhead due to paging message transmission, the network may first transmit a paging indicator when one of the UE is to be paged. The Paging group indicator triggers the UE to send the random access request. Then UE transmit the random access request to network. The UE random access request can indicate the coverage beam where UE is located. The network can transmit the paging message using the same received beams of the random access request, hence saving in beam sweeping overhead.  
Furthermore, multiple UEs in the area or PO are assigned a common group ID and paging group indicator is used to page the common groups. If a common group ID is alerted, all the UEs assigned to the group need to send the random access request. The UEs in the groups which are not paged don’t send the random access request which can save the UE power and reduce the beams needed of the paging message transmission. Different random access preambles can be used to associate to different group ID. The paging message delivered to UEs only contains the UE IDs of paging group corresponding to the received preambles in each beam, as shown in Fig1. Thus, the paging message content can be reduced. 
[image: ]
Figure 1: Paging procedure with paging group indicator
However, the UE power consumption increases significantly due to the UE feedback. The paging procedure will occupy UL resource which will increase the overhead. Furthermore, there remain details  to be solved with UE feedback associated with paging group indicator, such as paging indicator format, preambles. 
Another method to reduce the paging transmission overhead is compressed UE-ID or paging index. The Paging index can be used instead of S-TMSI or IMSI. This method can improve the paging transmission efficiency but will results in the false alarm. According to [3], when paging index is 14 bits, the probability of a false alert becomes less than 10-3. However, if two UEs accurse false alarm in an area or a PO, it will exist during a long time until one of them leave the area. At this time duration, the two UEs will disturb each other all the time. So the false alarm problem must be resolved based on this method. 
Proposal 1: Paging group indicator triggering UE feedback (option 2) and Paging index are not supported in Rel-15.
On the other hand, the paging group indicator without UE feedback can still help to reduce UE power consumption, because UEs whose group is not being paged can skip remaining awake to receive and decode the paging message on PDSCH.  The overhead of including a (short) group indicator in the paging DCI is limited and we consider that it is justified by the power savings.
Assuming the paging indicator is sent as a bitmap, e.g. embedded in the paging DCI, it would be expected to be relatively short.  It should also be independent, as much as possible, of the assignment of UEs to paging occasions and paging frames.  If the UEs are to be partitioned into 8 groups, this results in an 8-bit bitmap and each UE needs to be assigned to a group.  This could be done by direct network assignment (the UE receives a group identifier at the time of attach) or by hashing a UE identifier.  For independence from the PF/PO hash functions, we suggest that the group assignment could be determined by hashing the S-TMSI, with one additional flag to indicate IMSI paging.
Assuming the indicator uses a hash function, a possible flow of events is shown in Figure 2, with four UEs of which two (A and B) are actually paged.
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[bookmark: _Ref496609619]Figure 2: Use of a paging group indicator
The network sends a paging message containing S-TMSIs A and B (and no IMSI pages), which hash to group indicator values of 2 and 5 respectively; thus it sets bits 2 and 5 in the bitmap sent in the paging DCI.  The two paged UEs detect their hash values in the bitmap, receive the paging message, and find their paging records present as expected.  The third UE (C) hashes to the value 3, which is not set in the bitmap; hence it does not receive the paging message.  Finally, the last UE (D) hashes to the value 5, thus colliding with B, so it finds its hash value in the bitmap.  This UE has to receive the paging message in order to determine that in fact it was not paged.  So in this example, UE C realizes a power saving from the indicator scheme, while UE D is the victim of a false alarm and does not.
In this example, if some UEs are paged by IMSI, all UEs would wake up to receive the paging message, since there is no group indicator based on the IMSI.  This should be acceptable under the assumption that IMSI paging is rare.
Proposal 2: Paging group indicator without UE feedback (option 3) is supported in Rel-15.

QCL with SS/PBCH Block
Similar as LTE, there is no need for repetition transmission for paging DCI and the corresponding paging message, especially considering the overhead by repetition of up to 64 SS blocks. Since both SS/PBCH block and paging are broadcasted within the cell, it is reasonable to use the same beam for both SS/PBCH block and paging.
Note that according to RAN2 LS [4], PO defines a number of slots where the UE has to monitor the PDCCH (TS 38.300 section 9.2.5). To enable beam sweeping for paging, within each time slot, the paging message or the paging indication can be transmitted using one particular beam. In this case, the number of SS/PBCH blocks can be used to derive the number of time slots in a PO. Specifically one or two consecutive slots can be associated with an SS/PBCH block. In other words, the one paging DCI associated with the one SS/PBCH block can be transmitted in one of the two slots if two slots are associated with the SS/PBCH block. 
Proposal 3: Support one SS/PBCH block QCLed to one paging DCI and the corresponding paging message.
Proposal 4: Support configure 1 or 2 consecutive slots associated with an SS/PBCH block for PO TDMed with SS/PBCH block
· The number of slots for PO is the same or twice of the number of slots for the actually transmitted SS/PBCH blocks in one SS/PBCH burst set.

FDM with SS/PBCH block
As the agreements for RMSI CORSET, it is beneficial to multiplex paging CORSET(paging DCI) with SS/PBCH blocks in frequency. The sweeping overhead can be saved and the QCL information is very clear to UE. In such case, the number of paging CORESETs for UE to monitor within a slot is 1 by considering the UE complexity and UE can use the desirable Rx beam to receive the paging DCI transmitted by the desirable SS/PBCH block beam. Such desirable beam pairs can be obtained by SS/PBCH block measurement. The number of slots of a paging CORESET corresponding to an SS/PBCH block is 1 within a PO, and the number of slots of PO is equal to the number of slots for actually transmitted SS/PBCH blocks. It is similar as the RMSI agreement and is very nature since FDMed with SS/PBCH block.
Proposal 5: NR supports FDM transmission of QCLed SS/PBCH block and paging CORESET (paging DCI), when the combined bandwidth for SS/PBCH block and paging CORESET does not exceed the UE capability.
· the number of paging CORESETs for UE to monitor within a slot is 1, and 
· the number of slots of a paging CORESET corresponding to an SS/PBCH block is 1 within a PO
· the number of slots of PO is equal to the number of slots for actually transmitted SS/PBCH blocks
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 block, the LTE method of paging frame calculation can be used to NR. However, When nB<T and paging message is TDMed with SS 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 3 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 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.
To make the paging CORESET multiplex with SS 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 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 4(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 4(c) since frames of SS burst set value in a burst set periodicity is 1.
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Figure 3: Relationship of paging frame and SS frame
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Figure 4: 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 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 6: An offset should be introduced to calculate for actual PF location when paging DCI is FDMed with SS block.
PO configurations
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. 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.
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Figure 5: Paging configuration
Proposal 7: gNB could configure multiple FDMed POs to save beam sweeping overhead and increase paging capacity.
In the time domain, the time location of PO in a PF are fixed in LTE. When there are 4 POs in a PF, the time locations are on the 0th, 4th, 5th and 9th subframe. When there are 2 POs in a PF, the time locations are on the 4th and 9th subframe. When there are 1 POs in a PF, the time locations are on the 9th subframe. In NR, the PO can consist of multiple time slots and multiple time slots enables transmission of paging using different DL TX beams. Furthermore, the scheduling unit is slot, so the PO locations in a PF also should be based on the slot for NR.
In NR, the slot locations of the POs should also be predefined in the spec as in LTE. Specifically, the time locations should consider SCS and SS/PBCH block number. Note that for 15 KHz, 30 KHz, 60 KHz, 120 KHz SCSs, the slot numbers in a system radio frame are 10, 20, 40, 80, respectively. By considering that different gNB may have different SCS and SS/PBCH block number based on implementation, if two TDMed POs are configured for per frame, it is recommended that:
· when SCS=15 KHz, the fixed initial time locations of two TDMed POs are the 0th and 5th slot; 
· support up to 5/2 non-overlapped SS/PBCH block, where one/two slot is associated with an SS/PBCH block
· when SCS=30 KHz, the fixed initial time locations of two TDMed POs are the 0th and 10th slot; 
· support up to 8/5 non-overlapped SS/PBCH block, where one/two slot is associated with an SS/PBCH block
· when SCS=60 KHz, the fixed initial time locations of two TDMed POs are the 0th and 20th slot; 
· support up to 20/10 non-overlapped SS/PBCH block, where one/two slot is associated with an SS/PBCH block
· when SCS=120 KHz, the fixed initial time locations of two TDMed POs are the 0th and 40th slot. 
· support up to 40/20 non-overlapped SS/PBCH block, where one/two slot is associated with an SS/PBCH block
As a result, the design principle for the time locations of the TDMed POs in one paging frame (a system radio frame) should equally divide the system radio frame as much as possible to easy the implementation of gNB with different number of SS/PBCH blocks
Proposal 8: The slot locations of the POs should be predefined in the spec with the principle that the time locations of the TDMed POs in one paging frame (a system radio frame) equally divides the system radio frame as much as possible.

DMRS for Paging
In [5], a single frequency network (SFN) transmission for paging from multiple cells or multiple TRPs is shown to provide improved the cell coverage. In general, this can be supported by configuring the same cell ID for these cells conveying the paging message and the DMRS sequence and scrambling for paging can be performed based the NR Cell ID and P-RNTI.
Proposal 9: The scrambling of the DMRS sequence for PDSCH and PDCCH used for paging should be initialized by the P-RNTI and NR cell ID.

Summary of proposals
The proposals made in this paper are summarized as follows:
Proposal 1: Paging group indicator triggering UE feedback (option 2) and Paging index are not supported in Rel-15.
Proposal 2: Paging group indicator without UE feedback (option 3) is supported in Rel-15.
Proposal 3: Support one SS/PBCH block QCLed to one paging DCI and the corresponding paging message.
Proposal 4: Support configure 1 or 2 consecutive slots associated with an SS/PBCH block for PO TDMed with SS/PBCH block
· The number of slots for PO is the same or twice of the number of slots for the actually transmitted SS/PBCH blocks in one SS/PBCH burst set
Proposal 5: NR supports FDM transmission of QCLed SS/PBCH block and paging CORESET (paging DCI), when the combined bandwidth for SS/PBCH block and paging CORESET does not exceed the UE capability.
· the number of paging CORESETs for UE to monitor within a slot is 1, and 
· the number of slots of a paging CORESET corresponding to an SS/PBCH block is 1 within a PO
· the number of slots of PO is equal to the number of slots for actually transmitted SS/PBCH blocks
Proposal 6: An offset should be introduced to calculate for actual PF location when paging DCI is FDMed with SS block.
Proposal 7: gNB could configure multiple FDMed POs to save beam sweeping overhead and increase paging capacity.
Proposal 8: The slot locations of the POs should be predefined in the spec with the principle that the time locations of the TDMed POs in one paging frame (a system radio frame) equally divides the system radio frame as much as possible.
[bookmark: _GoBack]Proposal 9: The scrambling of the DMRS sequence for PDSCH and PDCCH used for paging should be initialized by the P-RNTI and NR cell ID.
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