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1. Introduction

Main conclusions from 3GPP status which relate to this contribution are:

· For RACH:

· Strive to minimize the RACH latency and overhead.

· At least 4-step RA procedure is supported for contention based RA. Contention free RA is supported (e.g. for connected UEs and handover).

· The necessity of RACH capacity enhancement is discussed [see section 7 of R1-1719175 summary of the Agenda Item “Remaining details of PRACH formats” in RAN1#90bis] and several alternatives are currently considered to have more RA preambles (allow more UEs to transmit PRACH simultaneously).
· For Paging:

· At least scheduling DCI as PI followed by PM on PDSCH is supported.
Agreement (RAN1#88): “Paging message is scheduled by DCI carried by NR-PDCCH and is transmitted in the associated NR-PDSCH”.
Agreement (RAN1#90bis): “At least Option 1 (Paging scheduling DCI followed by Paging Message) is supported”.

This is a revision of R1-1720018.

In this document we share our view and discuss how to reduce RA overhead and latency for paged UEs, without introducing additional overhead to the Paging Indication (PI) or to the Paging Message (PM) due to implicit signalling of the RA preamble assignment. The need for a contention based RA procedure (e.g. 4-step RACH or simplified 2-step RACH procedure as proposed in ‎[1]) is obviated and instead only a 2-step contention free RA procedure is used. As a consequence, both RA latency and overhead for a paged UE are reduced.
The proposed design allows further network (NW) optimization. With a properly assigned RA preamble, and the configuration for reserved RA preamble if needed, 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

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. 

Even if simplified 2-step contention-based RA procedure is considered instead of the 4-step RA procedure, it would introduce about the same PHY allocation overhead (since unified Msg1+Msg3 and unified Msg2+Msg4 are still four messages). Moreover it does not have the potential for reducing the amount of PRACH collisions.
Proposal 1: 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 2: 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.

The amount of LTE RA preambles is 64, and some companies are proposing 256 preambles for NR. Moreover cover extension is discussed which would further multiply the amount of RA preambles in NR:

· OCC index across multiple/repeated PRACH preamble;

· M-sequence cover code index;

· Configuration of different ZC sequences across multiple PRACH preambles;

· Configuration of sinusoidal modulation.

If we take the worst-case of 64 preambles for NR-PRACH, then the gNB is not expected to reserve a very big pool of RA preamble for contention-free RA, e.g. preamble indices 0 to 15 which means 4 bits per UE. And for 256 preambles maybe some more bits. However, if cover extension is supported we have much more preambles; e.g. ZC sequence with M-sequences cover increases the PRACH capacity by (L+1) = 140 times ‎[2] for the short preamble formats with L=139 as agreed by 3GPP.

With ZC sequences with cover extension for paged UEs (or more generally for contention-free RA), although the PAPR of the PRACH transmission is slightly increased at the UE side (since only pure ZC sequences have constant envelop), the proposed assigned RA preamble is obviating the need to transmit Msg3 and thus the UE’s overall power consumption is at least not increased (as evaluated for M-sequence cover extension in the prior-art). Also in terms of complexity, at the gNB side the detector would need to perform more correlations due to the cover extension, but only to the assigned RA preambles. On the other hand, if cover extension is not supported for paged UEs, the gNB will have fewer opportunities to assigned RA preambles to paged UEs without reserving a larger part from the pool of preamble indices to be used for contention-free RA.

We consider to following three configurations:

· In case cover extension is supported for contention-based and contention-free RA, the gNB should preliminary allocate Non-Contention-Based (NCB) and Contention-Based (CB) PRACH preambles, in order to avoid collisions (as done in LTE for RRC_CONNECTED UEs to allow the contention-free RA). The assigned RA preamble for a paged UE shall be selected from the NCB set.

· In case cover extension is not supported for contention-based RA but is supported for contention-free RA (or at least for paged UEs), the gNB can assign any PRACH preamble (i.e., not restricted to the NCB set) for the paged-UEs, but it needs to exclude the cover extension index that does not change the original sequence, in order to avoid collisions with un-paged UEs. 

· In case NR would not support ZC with cover extension, the gNB can only assign PRACH preamble indices from a pre-allocated NCB set for the paged UEs.
Proposal 3: NR should support ZC sequences with cover extension at least for contention-free RA procedure for paged UEs.

For UEs in RRC_INACTIVE state the tracking process starts from the most probable cell(s) for the UE to be in (called notification area) and only if not succeeding, the UE is then paged in all of its tracking are (or in a gradual manner). Therefore for UEs in inactive state, the assignment of such RA preamble is potentially less wasteful.

For beam swept paging transmission, the assigned RA preamble can be reused in different spatial locations. This for example would allow a relatively small NCB set (if such set is needed as aforementioned).
To summarize, the described proposal is obviating the need for Msg3 and Msg4 in the RA procedure for paged UEs, without introducing an overhead in the paging procedure. Thus both RA latency and overhead are reduced for paged UEs. Moreover, it avoids the PRACH collisions of paged UEs among themselves and with other UEs that perform RA, and hence improve the overall PRACH capacity. This would further reduce the probability for another paging iteration; as a consequence, the paging overhead can be somewhat reduced.

Already now, NW vendors are implementing advanced strategies for gradual paging, e.g. starting from paging only on the cell where the UE was last seen. Our approach can be combined with such advanced paging strategic to further reduce the overall latency and signalling overhead.
3. Conclusion

In this contribution we provide procedures for reducing the RA latency and overhead for paged UEs without introducing additional paging overhead.

Proposal 1: 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 2: 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.
Proposal 3: NR should support ZC sequences with cover extension at least for contention-free RA procedure for paged UEs.
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