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1. Introduction

In RAN1#90 meeting, the following agreements were achieved ‎[1]:
Agreements:
· Paging mechanism should be decided for Rel-15, where the issue of beam sweeping overhead for paging transmission should be considered, especially for high frequency band with up to 64 SS-block beams

· E.g., paging occasion design with beam sweeping

· E.g., techniques to reducing the paging sweeping beams

In RAN1#90bis meeting, the following agreements were achieved ‎[2]:

Agreements:
· At least Option 1 (Paging scheduling DCI followed by Paging Message) is supported

· 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.
In this document we share our view and discuss how to design the paging in NR to reduce the paging latency and overhead. Two designs are described: the first reduces the beam sweeping overhead and the second reduces the paging latency and has the potential to further reduce the paging overhead. 
Paging design related to beam-sweeping:

Paging procedure with beam sweeping operation provides enhanced coverage for distant UEs or when carrier frequency is high and the transmitted signals fade faster with the distance (e.g. in mmWaves).
We propose partial to full tracking procedures, based on the UE’s recent locations; furthermore, the minimum paging latency is reduced with partial tracking and paging reliability is kept by having a well-defined fallback to full tracking.
It should be noted that the very first deployments of the 5G technology are expected to include mostly if not only fixed location applications so optimization which takes this application characteristic into account should be favourable.

The proposed design is optimized for fixed location wireless devices (CPE) and low-mobility UEs, but it could be applied to all UEs. The gNB may gather statistics to characterise the UEs’ mobility or base on the application type or UE assistance information and decide whether to operate in the proposed mode or to operate in non-reduced paging overhead mode.
Paging design related to Random Access (RA):

We propose a contention free RA procedure for paged UEs with an implicit indication of the assigned RA preamble over the paging related message to reduce both the Paging latency and overhead: Due to the implicit signalling of the assigned RA preamble for the paged UEs, paging overhead in not increased. Due to the contention free RA procedure, the RA latency and overhead for paged UEs are reduced and the probability for a successful RA can be kept close to one (i.e. without collisions however channel and interference such as overlapping PUSCH transmissions may still cause RA failure), resulting in a lower chance for another paging iteration and thus reducing further the paging overhead.
2. Discussion

2.1. Paging design related to beam sweeping
The main advantages of the proposed procedures are the reduction of beam sweeping overhead, UE power consumption and minimum latency for paging in NR.
Notations
PI:
Paging Indication transmitted on NR-PDCCH.
PM:
Paging Message transmitted on NR-PDSCH.
PO:
Paging Occasion, a time slot which may carry PDCCH addressing the PM.

We propose two different procedures:

In first procedure, all UEs should be able to detect PI and would know when and where (in terms of spatial beam) the PM is transmitted (by either an indication within the PI or according to higher layer beam registration procedure). If some UEs are unable to receive the potentially relevant PM, they connect (e.g. perform random access (RA)). Therefore in case of potentially relevant PM, they either receive PM and connect if necessary or not receive PM and connect; thus we have a reliable paging procedure.
In second procedure, both PI and PM are transmitted only on the associated beam(s), which is a subset of all beams that may be signalled by higher layer configuration (e.g. beam registration procedure). In case the UE does not response accordingly to gNB, the paging procedure falls back to either the former procedure or to a complementary partial tracking (transmitting the PI and PM on the other beams) or to full tracking.
A detailed description for the two procedures is provided:
2.1.1. Procedure 1 – selective beams for PM transmission
Upon paging request from the Core Network (CN) the gNB broad/group-casts a PI according to one or more different delivery mechanisms: (1) omnidirectional transmission with repetitions, (2) wide beam (e.g. sector) transmission with (fewer) repetitions, (3) sweeping of narrow beams, and (4) SFN transmission involving multiple cells or multiple TRPs serving the same cell. All relevant UEs (e.g. according to assigned PO) that are camped on a cell that transmits the PI should be able to receive it.

Repetitions can be either in time domain or in frequency domain (e.g., by higher aggregation level of the PDCCH) or as a combination of both. Since the exact starting point of the repeated transmission might be missed at the UE side, we propose that the PI conveys the PM’s scheduling time/frequency (resource allocation). Resource scheduling time may not be required if PO defines the exact starting point of repeated transmission.
Proposal 1: For repeated PI transmissions, the PI conveys the PM’s scheduling time.
The PI would signal the associated beam(s) in which the PM is transmitted, or the associated beam(s) may be determined according to last registered beam(s).
Indication of associated beam(s) for PM transmission within the PI:

The indication of the associated beams can be either by 2*log2L bits for start and end indices with wraparound or by a bitmap of L-bits, where L is the number of beams. With the former, for 64 beams we need 6 bits for one beam index, thus a total of 12 bits; for example beams #0 to #63 would indicate all beams, beams #3 to #5 would indicate three beams starting from beam #3, and beams #5 to #3 would indicate all beams except beam #4. With the later, for 64 beams we have 64-bits bitmap.

The PM size could be 90 bytes (720 bits) if 16 UEs are paged based on contents of the 16 TMSI. Which means that the additional signalling of the associated beams for PM transmission over the PI to reduce the PM number of beams is negligible compared to the reduced PM overhead.
Proposal 2: The PI signals the associated beam(s) for PM transmission.

Indication of associated beam(s) for PM transmission according to last registered beam(s):

On transition from RRC_CONNECTED to RRC_IDLE or RRC_INACTIVE, the UE which is configured by the NW to monitor PM on a registered beam shall store the last registered beam for paging monitoring and shall be considered as “beam registered”. During RRC_IDLE or RRC_INACTIVE, if the UE can no longer monitor the registered beam it shall be considered not “beam registered”. During PO the UE shall monitor PI (all UEs).
If the UE is “beam registered” and if the PI includes resource allocation for PM and the UE is beam registered on the same beam indicated by the PI, the UE shall acquire the PM message. Otherwise, the UE shall ignore the PI.

If the UE is not “beam registered” and if PI includes no resource allocation for PM and the UE is still under the coverage of the same cell in which it was last “beam registered”, the UE shall ignore the PI. Otherwise, UE shall fall back to another procedure for paging acquisition (e.g. perform RA or reply with a special signal).
For UEs in RRC_IDLE mode, the CN provides the UE last registered beam(s) over the NG/Xn interfaces. The source gNB provides the UE last registered beam(s) to the target gNB over the Xn interface. 
Proposal 3: The associated beam(s) for PM transmission are determined according to last registered beam(s).
A UE which acquires a PI and identifies that the PM may be relevant for it but cannot receive the PM shall connect to the gNB (e.g. perform RA procedure). 

With this procedure, PM is transmitted only on a single beam or on several beams but not an all beams.

The PI may be sent on a single cell or for multiple cells (potentially from different gNBs) in the tracking area. PI may include no resource allocation for PM (e.g. PI sent by gNB which does not include the associated beam(s) to the UE for which the paging is directed). The UE may use this indication to decide if the PM is relevant for it or not.
2.1.2. Procedure 2 – selective beams for PI and PM transmission
Upon paging request from the Core Network (CN) the gNB broad/group-casts only on the associated beam(s) for PI and PM transmission. In case of no reply from the UE side (i.e., UE does not connect), the gNB falls back to either the procedure 1 or to a complementary partial tracking (transmitting the PI and PM on the other beams) or to full tracking.
The associated beam(s) for PI and PM transmission can be determined according to higher layer configuration (e.g., last registered beams similar to as defined in procedure 1).

With this procedure, PI and PM are transmitted only on a single beam or on several beams but not an all beams. The order of the partial beam sweeping may be from latest to next less latest registered beams.

Proposal 4: The associated beam(s) for PI and PM transmission are determined according to last registered beam(s).

As a result, for both procedures the paging overhead due to beamforming in NR can be mitigated.

A comparison of the first and the second procedures with trivial beam sweeping as for synchronization in NR serves as a reference, as illustrated in the table below.  In theory, omnidirectional repeated transmission and narrow beam sweeping transmission can reach the same coverage; whereas wider beam sweeping with fewer repetitions is in between both.  For example, when the number of omnidirectional repetitions R equals the number of non-repeated beams L (where L equals the number of possible candidates SS block locations, L = 4 or 8 or 64 according to the frequency range).

	
	First Procedure
	Second Procedure
	NR Reference

	Indication relative RO
	R
	1
	L

	Message relative RO
	1
	1
	L

	Fallback penalty in case of no reception
	RA
	First Procedure
	none

	MCL flexibility
	Yes
	no
	no

	Minimal paging delay
	medium
	shortest
	longest


* RO = resource overhead.

From this table it can be seen that the second procedure reduces the PI overhead and both procedures reduce the PM’s overhead.  The penalty for this overhead reduction may be by supporting a fallback procedure to full tracking.  Minimum Coupling Losses (MCL) can be more flexible if the PI is transmitted in a repeated manner (since the number of repetitions for network and scheduling optimizations can be adapted). Both procedures reduce the minimal paging delay.

For the second procedure, the overhead that can be achieved in accordance with the analysis provided by ‎[3] would be reduced from 73% to 1.14% (in best case for only a single last associated beam with no fallbacks and 64 beams).  For the first procedure, the evaluation is more complexed since the PI versus PM single TX overhead is dependent on more parameters.  These parameters include DCI/PI length and PDCCH aggregation level, DL-Synchronisation Channel (SCH)/PM length and coding rate.  Nevertheless, in LTE the PM length is much larger than the PI length, thus the PI part can be ignored and the conclusion is that the first procedure’s overhead may be slightly more those of the second procedure.

It may be possible to further combine the proposed procedures with other schemes.  For example, lossy compression of paging records ‎[3] and PI association with SS block beam sweeping ‎[4].

2.2. Paging design related to RA
The main advantages of the proposed procedure are the reduction of the RA overhead and latency by using a contention free RA instead of contention based RA for paged UEs, while not increasing the paging overhead due to implicit indication. In some configurations, it even gives more RACH capacity enhancement by allowing more UEs to be paged simultaneously.

The proposed procedure utilizes the PI and/or PM to implicitly signal the paged UEs their assigned RA preamble as a part of contention-free RA procedure, according to the PI/PM’s physical allocation. 

This feature of reduced RA for paged UEs can be enabled or disabled dynamically by implicit indication according to the ascending/descending list order of the paged UEs given by the PM, or explicitly in the PI/PM payload, or semi-statically controlled by RRC configuration (e.g. system information) per UE group paging or to all UEs.

In cased multiple UEs are paged together, they are listed in the PM consecutively (i.e., a list of UE IDs is provided within the PM payload). We propose to use the order of the listed UEs to derive a different assigned RA preamble per each of the listed UEs according to their location in the list, starting from the signalled assigned RA preamble for the first listed UE and incremented per each additional listed UE in the same PM. For example, if cover extension is supported then the cover extension index shall be incremented per each listed UE to derive a different RA preamble.

Currently a 4-step contention-based RA procedure follows the paging. With the aforementioned assignment of RA preamble during the paging procedure, only a 2-step contention-free RA is needed, as illustrated in Figure 1. As a consequence, the average Paging/RA latency for a paged UE is reduced. 

Proposal 5: NR should support contention free RA for paged UEs with an implicit indication of the assigned RA preamble over the paging related message (e.g., according to the physical allocation).
Proposal 6: The RA preamble assignment for paged UEs is proposed to be dynamically enabled/disabled either implicitly according to the ascending/descending list order of the paged UEs given by the PM, or explicitly in the PI/PM payload, or semi-statically controlled by RRC configuration.
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Figure 1: Paging followed by RA.
(a) Contention based RA procedure; (b) Assigned RA preamble is implicitly signalled over PI according to its start CCE; (c) Assigned RA preamble is implicitly signalled over PM according to its start PRB.

For more details see our companion contribution in ‎[5].

3. Conclusion

In this contribution we provide procedures for reducing the paging overhead derived from beam sweeping in NR. 
For the first procedure:

Proposal 1: For repeated PI transmissions, the PI conveys the PM’s scheduling time.
Proposal 2: The PI signals the associated beam(s) for PM transmission.

Proposal 3: The associated beam(s) for PM transmission are determined according to last registered beam(s).

For the second procedure:
Proposal 4: The associated beam(s) for PI and PM transmission are determined according to last registered beam(s).

We further provide a procedure for reducing the paging latency and potentially also the paging overhead, which is related to the RA that follows the paging.
Proposal 5: NR should support contention free RA for paged UEs with an implicit indication of the assigned RA preamble over the paging related message (e.g., according to the physical allocation).
Proposal 6: The RA preamble assignment for paged UEs is proposed to be dynamically enabled/disabled either implicitly according to the ascending/descending list order of the paged UEs given by the PM, or explicitly in the PI/PM payload, or semi-statically controlled by RRC configuration.
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