[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: _Ref452454252]3GPP TSG-RAN WG1 meeting #91	R1-1720883
Reno, Nevada, USA, 27th November – 1st December, 2017
Agenda item:		7.1.3
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Source:	Nokia, Nokia Shanghai Bell 
Title:	Paging in NR
Document for:		Discussion and Decision
1	Introduction
In RAN1#90bis, the following agreements were made pertaining to paging channel design [1]:
Agreements:
· 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 
· LS to RAN2 to inform the above agreements – Teck (Huawei) (R1-1718926), which is endorsed in R1-1719164 with the following updates:
· Update the note to “Note that in RAN1#86bis, the following agreements were made:
· NR supports at least same-slot and cross-slot scheduling for DL.”
Agreements:
· Paging DCI andMessage numerology is the same as RMSI. 

Agreements:
· 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 

Agreements:
· UE may assume QCL between SS Blocks, Paging DCIs and Paging Messages
· FFS: The details on the associations between SS blocks and possible subsets of Paging DCI/Messages.
Agreements:
· 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
· FFS: Support of non-slot for PDCCH for Paging delivery


In context of search space definition it was agreed in RAN1#90bis (and the subsequent email discussion):
Agreements:
· At least for cases other than initial access, to identify a set of search spaces, following parameters are configured by UE-specific RRC signaling:
· The number of PDCCH candidates for each aggregation level of {1, 2, 4, 8, [16]}
· One value from {0, 1, 2, 3, 4, 5, 6, 8}
· PDCCH monitoring occasion for the set of search spaces
· One value of from {1-slot, 2-slot, [5-slot], [10-slot], [20-slot]} (at least 5 values)
· One or more value(s) from 1st symbol, 2nd symbol, …, 14th symbol within a monitored slot
· Each set of search spaces associates with a CORESET configuration by RRC signaling

Proposal 1:
· For PDCCH monitoring occasion of 1-slot, 2-slot, [5-slot], [10-slot], and [20-slot],
· Slot-level offset value for PDCCH monitoring occasion is also supported.
· For N-slot monitoring occasion, the offset is one from [0, N-1].
Note: symbol-level bit-map of monitoring occasion within a slot agreed at RAN1#90bis is still available
In this contribution we discuss the paging concept for NR. This contribution is revised from R1-1718615.
2	Discussion
2.1	Content size of paging message
Considering some example calculations for the number of symbols required to convey certain paging message size, Table 1 provides examples for above 6GHz case. The Table 1 depicts, the required number of symbols in time domain for certain sized paging messages with QPSK modulation with coding rates of 1/6 and 1/12 when system BW of ~35MHz with SCS 120kHz is used.
Table 1: Number of OFDM symbols required per paging message size
	Paging message bits/CR
	“1/6”
	“1/12”

	8 bits (SI change/PWS indication)
	1 symbol
	1 symbol

	160 bits / ~4 UEs
	2 symbols
	4 symbols

	400 bits / ~10 UEs
	4 symbols
	8 symbols



As can be seen from Table 1, the required number of time domain symbols for paging message (assuming the full BW is used) varies in the function of paging message size and used coding rate. Hence, it would be beneficial to be able to adapt the time domain length of the paging message flexibly. Indeed, this could be beneficial with multi-beam system as the same paging content needs to be swept to each direction.
[bookmark: _Ref492464421]Observation 1: Multi-beam system would benefit of being able to adapt flexibly the time domain length of the paging message.
2.2	Paging design in multi-beam cells
For multi-beam cells where not all the beam directions can be served simultaneously, beam sweeping needs to be applied for the PCH (Paging Channel). Considering the requirements on the paging channel bitrate and possible payload sizes of single paging message defined above, it is beneficial to be able to adapt the paging message size. Using normal slot lengths, however, to sweep through all the beams in a cell would take unnecessary amount of time and resources and is hence not desirable in multibeam systems.
For the PCH sweep carried over NR-PDSCH, sub-slot concept could be exploited to accommodate also the fairly small paging message sizes. If the message sizes are small, using slot based scheduling could waste system resources in time domain (e.g. by requiring to apply always a full slot for each spatial direction). However, as discussed in in Section 2.1 the size of the required PDSCH allocation (#symbols) would depend for example on the number of UE’s to be scheduled. As can be seen from Figure 1, the paging message sweep for the PO #2 is longer than for PO #0 as there could be more UE IDs to be paged matching the PO #2. However, the paging scheduling sweep is of the same size and thus deterministic from the UE perspective. It should be noted there may not be anything to be carried in the paging message, in that case the NW should be allowed to schedule normal UL/DL slot allocation to replace both, the control channel sweep as well as PCH sweep.

[image: ]
[bookmark: _Ref494378424]Figure 1. Paging in multi-beam cell with multiple PO sweep bursts within one PO.

As discussed above, the payload of the paging message could be varying, and one possibility to reduce the sweep overhead is to use the concept of non-slots based scheduling for the paging transmissions. This is illustrated in Figure 2. Hence if the paging message size is limited, the CORESET space would be shared and PDCCH would use non-slot based scheduling, enabling more efficient resource use. This would be applicable in both scenarios, with single beam deployments as well deployments with few beams. 
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[bookmark: _Ref494378470]Figure 2. Non-slot based PCH scheduling

In scenarios where larger number of beams are deployed, it would be of some interest to enable reducing the paging sweep duration. Like illustrated in Figure 3 the CORESET could be determined to appear two or three times in the slot with K0=0 for the scheduling, depending on the assumed PDSCH size. Other alternative would be to determine the CORESET to appear at the beginning of the slot and the K0≠0 for the scheduled NR-PDSCH, like illustrated in Figure 4. 
[bookmark: _Ref494381658]Observation 2: Non-slot based scheduling could be used to reduce the paging sweep overhead.
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[bookmark: _Ref494367451]Figure 3. Distributed NR-PDCCH sweep in a slot for non-slot based paging scheduling, with (a) 4 symbol PDSCH and (b) 2 symbol PDSCH
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[bookmark: _Ref494369375][bookmark: _GoBack]Figure 4. NR-PDCCH sweep in the beginning of the slot for non-slot paging scheduling, with (a) 4-symbol PDSCH and (b) 2-symbol PDSCH

Generally for the multi-beam system, the time location provisioning of scheduling information for the PCH should at least be made somewhat deterministic based on the detected SSB so that UE could determine the corresponding resources to be monitored, reducing the active time required. Hence each scheduling block in the sweep could have fixed association to an SS block in the cell and hence the UE could determine the exact timing of the CORESET to be monitored. On the other hand, when considering hybrid and analog beam architectures, fixed timing places rater stringent requirements for the scheduler. When considering possible collision of paging occasion with a service that is more latency sensitive and having higher priority, if strictly fixed and restricted time occasion is defined for paging monitoring, the only option for the scheduler would be to delay the paging to next occasion. This would lead to risk of increased paging delay, which on other hand may reflect negatively to the user experience. However, in principle the paging monitoring occasion could be determined to have some time tolerance, so that network could have some scheduling freedom for paging scheduling. For example, like used for SIB scheduling for LTE, a window could be determined, so that multiple occasions of the CORESET would appear within the monitoring window. As indicated by LS provided by RAN2 [10] (and also in TR38.300) a paging occasion could cover multiple slots and the length in terms of slots should be configurable by system. Taking approach presented in Figure 4 (a) and (b) as a starting point, UE could be determined to monitor PDCCH on three CORESET occasions at the beginning of set of slots, and then depending for example on the paging message size, network could choose to schedule the paging message either with 4-symbol PDSCH or 2-symbol PDSCH, or even full slot. Naturally UE would need to be provided with the symbol-level bit-map of monitoring occasions within the slot and paging occasion should account also different PDSCH allocations (i.e. number of beams that could be sweeped in slot could vary).
[bookmark: _Ref494381678]Observation 3: To account different beamforming architectures, the paging occasion should include multiple paging scheduling occasions.
As it was agreed in RAN1 NR AH#3 meeting that, RSMI would provide the information regarding the actually used SS block locations. Hence the mapping between the possible time location SSB and paging occasion does not need to be strictly fixed, but that the information regarding the used SSB locations could be used to restrict the sweep duration. If network uses a sub-set of the beams (i.e. SS block locations), and distributes the SS blocks in non-contiguous locations, with fixed association between the detected SS block and paging scheduling sweep timing location the paging sweep would be extended in time unnecessarily. Using the RMSI provided information the set of paging scheduling occasions that UE would be required to monitor could be determined, for example based on the running number (logical index) of the actually transmitted SS block(s) and the range of scheduling occasions in the monitoring window that could be expected.
[bookmark: _Ref494381690]Observation 4: Information regarding the actually transmitted SS block locations in RMSI could be used to determine the time window for paging sweep monitoring.
For the paging CORESET determination, there are two principle approaches, either give specific configuration for paging for example in RMSI, or use, for example, the CORESET defined in PBCH (discussed in [3]). The agreement in RAN1#90bis resulted that there would not be periodicity for the CORESET, but for the PDCCH monitoring. Therefore, as both RMSI and paging are broadcast signals and thereby the defining aspect is to ensure the coverage, and the PDCCH monitoring periodicity can be configured separately it would seem feasible to use the same CORESET parametrization as for RMSI, at least when both use same scheduling approach, slot or non-slot based. If SIB/RMSI is scheduled using non-slot based and paging through slot based (or vice versa) there could be need to provide additional parameters. As the PDCCH monitoring periodicity and window size in slot level will determined by the paging occasion configuration, it would seem that it should be only possible to determine the monitoring periodicity separately for the paging PDCCH monitoring, by providing Search-spaces-set. If non-slot based scheduling is used for paging PDCCH, ‘Montoring-periodicity-PDCCH-within-slot’ would need to be provided indicating the locations in a slot. It could be assumed that paging is monitored in every slot of paging window, omitting the need to provide slot based periodicity i.e. ‘Montoring-periodicity-PDCCH-slot’. 
[bookmark: _Ref494381712]Observation 5: It would seem feasible to re-use the PBCH defined CORESET parametrization for paging, but the PDCCH monitoring periodicity parametrization (Search-spaces-set) would need to separately configurable.
In [11] it was proposed that the potential paging frames could be restricted to subset of all frames. This would help to reduce the need to do a beam sweep (in case hybrid/analog beams) in consecutive frames. Then depending on the anticipated paging load, UEs could be distributed among differnt locations based on the UE ID. Also considering this kind of subset approach, the valid frames could be focused to proximity of the SSBs the UE tracking. Also different paging frames could be offset to be located on different SS burst sets.

[image: ]
Figure 5. Illustration of paging frame distribution
[bookmark: _Ref498694838][bookmark: _Ref498695344]Observation 6: Limiting the valid paging frames to subset of frames could allow better distribution of paging load.
[bookmark: _Ref474146355]As proposed in, e.g., [2], the sweep control channel could be considered to be multiplexed with the SS-block in FDM manner to save additional overhead. However, the overhead reduction would primarily be needed for the systems operating with narrow carrier bandwidths but most likely the FD multiplexing with SS-block is not possible there. Also, the minimum UE bandwidth aspects need also to be taken into account when such optimization is discussed. Furthermore, with such scheme the number of POs would be limited by the SS burst set periodicity which might not always suffice for the amount of paging load in the cell. Thus, for simplicity, RAN1 should primarily consider the separate sweep to be used for the sweep control channel before considering possible optimization by multiplexing with SS-blocks for systems operating with enough wide carrier bandwidths. In any case, NW should have means to configure the sweep control channel to a separate sweep or to the SS-sweep (or even both).
[bookmark: _Ref492464761][bookmark: _Ref494381833]Observation 7: Primarily, separate sweep in time domain is considered for the sweep control channel design in RAN1 and the configurable FDM multiplexing with SS-block can be considered to be used if notable performance gain can be achieved.
[bookmark: _Ref492464766]

3	Response-driven paging mechanism 
Like discussed in previous section there is a need to support different mechanism to allow feasible support of DL based paging in multi-beam deployments. With an uplink driven response from the UE (response driven paging), to assist the network in identifying the beam or a group of beams the user is in, the DL overhead of the paging messages can be reduced. In this case, the paging message is only sent on the beams the user are potentially in. In response-driven paging indicator mechanism, instead of sending a paging message containing the UE IDs (e.g. S-TMSI), UEs are assigned to groups, Paging Groups (PGs), for which UE monitors in PO. To page an UE, network sends the paging indicator and as a response all the UEs monitoring the same paging indicator will perform UL access. There are two methods for allocating RACH preamble sequences to the RACH message used in response to the paging indicators [9]: 
· Method 1:Dedicated PRACH preamble sequences: The UE selects a dedicated RACH preamble that is based on the paging group that the user belongs to. All users in the same group, select the same RACH preamble, these users could be in different beams. The network can’t distinguish the users in the same group, hence the paging message (this could be part of message 2) needs to be sent on beams the given RACH preamble is received. 
· Method 2: Randomly selected preamble from a pool of PRACH random sequences: The UE randomly selects a preamble. The UE sends its ID to the network as part of RACH message 3, or possibly as data part of RACH message 1 (if supported). This allows the network to identify the beam-location of the UE and consequently send the paging message on that beam.
In this section, we consider the RAN1 related options to support DL paging indicator mechanism. The UL related aspects are discussed in [8].
Paging group indicator
For transmitting the paging indicator in DL there are basically two options. As network needs to be able to page multiple PGs in a single PO, it would seem most straight forward that the said indication is carried in a form of a bit map, where each bit corresponds to a single PG. The required number of PG’s per PO determine the number of bits required. 
In [9] we have presented evaluation of the impact of different assumptions to the DL and UL resource overhead. From the results, it can be concluded that increasing the number of the PGs that can be supported per PO, reduces the number of UEs that can be expected to perform a UL access based on the DL indication. Of course in order to increase the number of PGs that can be supported, larger space is required for the PG indication, resulting more DL overhead. In [9] e.g. 16 to 32 bit long bitmaps were considered for PG indication. Bitmap based indication (is less than payload considered for NR-PBCH) of this size could be carried feasibly over NR-PDSCH. Other option is to deliver the bitmap with NR-PDCCH (on a related format). The NR-PDCCH design has not yet been concluded, but depending on the assumed aggregation level number of bits that can be carried would vary e.g. between 20 to 60 bits (+24 bit CRC). Hence it would seem possible to carry the PG identification on NR-PDCCH.
[bookmark: _Ref492464723]Observation 8: It would seem possible to carry the bitmap based paging group indication on NR-PDSCH or NR-PDCCH.
Other alternative would be that each PG is given an identity, not very different of what is considered for normal paging. Also in order to page multiple groups in this case, use of NR-PDSCH to carry multiple (individual) PG identifiers would be required to be used, it would not seem feasible to fit the required payload to NR-PDCCH. As noted above, if the number of PGs would be in order of 25 = 32 (i.e. 5 bits for individual PG), the payload size required would start to approach the same level as in normal paging, reducing the obtainable DL resource overhead saving.
[bookmark: _Ref492464731]Observation 9: Using individual identity to deliver the PG index would reduce the DL resource savings. 
4	Conclusions 
In this contribution, we discussed the paging design for NR system operating with single/sector beam or multi-beam modes. Based on the discussion on the multi beam paging, we made the following observations:
Observation 1: Multi-beam system would benefit of being able to adapt flexibly the time domain length of the paging message.
Observation 2: Non-slot based scheduling could be used to reduce the paging sweep overhead.
Observation 3: To account different beamforming architectures, the paging occasion should include multiple paging scheduling occasions.
Observation 4: Information regarding the actually transmitted SS block locations in RMSI could be used to determine the time window for paging sweep monitoring.
Observation 5: It would seem feasible to re-use the PBCH defined CORESET parametrization for paging, but the PDCCH monitoring periodicity parametrization (Search-spaces-set) would need to separately configurable.
Observation 6: Limiting the valid paging frames to subset of frames could allow better distribution of paging load.Observation 7: Primarily, separate sweep in time domain is considered for the sweep control channel design in RAN1 and the configurable FDM multiplexing with SS-block can be considered to be used if notable performance gain can be achieved.
Based on the observations and discussion, we make following proposals the NR paging design:
Proposal 1: Support slot based and non-slot based scheduling for paging PDCCH.
Proposal 2: The paging occasion that UE monitors, should encompass multiple paging scheduling occasions.
Proposal 3: The timing of the paging scheduling occasions in the sweep would be based on the actually transmitted SS blocks. 
Proposal 4: PBCH configured CORESET parametrization could be reused for paging. NR supports defining separate PDCCH monitoring parameters for paging (Search-spaces-set).
For the response-driven paging following observations are made:-
Observation 8: It would seem possible to carry the bitmap based paging group indication on NR-PDSCH or NR-PDCCH.
Observation 9: Using individual identity to deliver the PG index would reduce the DL resource savings.
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