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1
Introduction
The WI on NB-IOT [1] has objective to “specify a radio access for cellular internet of things, based to a great extent on a non-backward-compatible variant of E-UTRA, that addresses improved indoor coverage, support for massive number of low throughput devices, low delay sensitivity, ultra low device cost, low device power consumption and (optimised) network architecture.”  
In the previous meeting [2] a proposal on message reading indicator was discussed [3]. The basic proposal was that the eNB includes an additional short indication in MIB, indicating which group of a multiple of UE groups will be paged in order to reduce the number of times a UE has to uneccesarily wake up to read PDSCH for paging record list.
In this contribution we discuss the advantages and drawbacks of the proposal and provide an alternative.

2
Discussion
The current paging procedure is summarised below.

1. UE monitors for P-RNTI on PDCCH in every paging occasion (paging occasion calculation is in 36.304 section 7.1)

2. If P-RNTI is detected, then UE decodes PDSCH information in PDCCH.

3. UE receives RRC Paging message from the PDSCH resource block containing the paging.

4. UE checks paging record list in the RRC Paging message for its own UE Identity.

5. If UE finds its own UE identity then random access is triggered, otherwise UE goes back to monitoring paging occasions.

The intention of the proposal in [3] is to reduce the amount of UEs that need to wake up in response to detection of P-RNTI in PDCCH and read PDSCH to retrieve the paging record list which determines whether a paging message is addressed to that particular UE or not. The existing calculation of paging occasions (POs) ensures already that only a subset of UEs (which have that particular paging occasion) wake up when P-RNTI is decoded. The intention is to reduce the number of UEs that proceed to the PDSCH decoding stage, which is currently all UEs with that PO (PO is a function of IMSI mod 1024 so already UEs are grouped into 1024). The proposal suffers a number of drawbacks, however:
1.
Introduces new bits in a “message reading indicator” which all UEs in that paging occasion would need to decode.

2.
The “message reading indicator” is proposed to be sent in MIB, which means that UE would anyway need to receive PBCH on PDSCH, so it does not seem to save any effort in UE. Even if message reading indicator was on PDCCH then UE still needs to do additional decoding compared to monitoring P-RNTI.
3.
It is not clear how to group UEs. For example if all smart meters were in one group, then the solution helps to conserve smart meter power when another type of device is paged, but does not help to conserve power within this group of devices – all smart meters would need to wake up whenever one is paged.
RNTI values are given in 36.321 section 7.1

Table 7.1-1: RNTI values.

	Value (hexa-decimal)
	RNTI

	0000
	N/A

	0001-003C
	RA-RNTI, C-RNTI, Semi-Persistent Scheduling C-RNTI, Temporary C-RNTI, eIMTA-RNTI, TPC-PUCCH-RNTI, TPC-PUSCH-RNTI and SL-RNTI (see note)

	003D-FFF3
	C-RNTI, Semi-Persistent Scheduling C-RNTI, eIMTA-RNTI, Temporary C-RNTI, TPC-PUCCH-RNTI, TPC-PUSCH-RNTI and SL-RNTI

	FFF4-FFFC
	Reserved for future use

	FFFD
	M-RNTI

	FFFE
	P-RNTI

	FFFF
	SI-RNTI


From the above table, it can be seen that there are a number of reserved RNTI values which could be used to perform the optimisation proposed in [3], but without introducing any new fields in MIB or PDCCH. It is also possible to allocate values from the range 003D-FFF3 at the expense of reducing (albeit only slightly) the number of available values for allocating to connected mode UEs, bearing in mind that NB-IOT channels will not be used by legacy UEs this is no problem. 

Proposal 1: Use additional new P-RNTI values in order that different groups of UEs can be paged in one paging occasion, without waking the other groups of UEs to read PDSCH.
Proposal 1 allows for reducing power consumption due to paging for other groups of UEs, and addresses the problems with the earlier proposal on message reading indicator. 

The other question is how to form the groups of UEs. 

If we are able to use more PRNTI values, so to be able to indicate different groups and combinations of groups, then more reduction of “false alarm” paging can be achieved. Therefore we propose to consider reservation of some of the values in the range FFF4-FFFC. However, we also need to consider that this will limit the number of C-RNTIs that can be allocated. 

By reserving a larger set of P-RNTIs, it is possible to group UEs in a number of different ways. In order to group depending on UE type, it’s likely that we will need to group according to UE category or capability. For example, UE’s with extremely long battery life and which communicate rarely should be in a separate group to those which could be paged frequently – however it is unclear at the moment what different categories of UE will exist therefore it is something we might need to consider later. Another way would be to base upon the operator subscription, and P-RNTI group would be hard-coded in the device (otherwise UE just monitors legacy value). 
That would allow for waking UEs only belonging to the same group, however it is also possible to divide UEs using their UE-ID. Already in the calculation of PO the IMSI MOD 1024 is used. In order to further group, we would need to, for example use a hash function such as (IMSI MOD 4096) / 1024 to form 4 groups. This would reduce the number of false alarms for a UE in that group by approximately 75% without needing to define any specific capability or subscription based groups. All UEs would benefit overall rather than only UEs in the less frequently paged group.
Proposal 2: UE monitors one of the new P-RNTI values based on a hash function of IMSI, to further divide groups within one paging occasion.

The UE would need to monitor more than one P-RNTI in order that devices belonging to different groups can be paged in the same paging occasions. Either the legacy P-RNTI value can be used to indicate that the paging record list contains UE identities belonging to more than one of the groups, or multiple new P-PRNTIs need to be created to indicate combinations. Since P-RNTI checking is performed at the CRC level where most of the decoding is done, the impact of performing this additional P-RNTI check is minimal, however to reduce the number of P-RNTIs we need to define, we propose UE has to monitor only the legacy value and one of the new values.
Proposal 3: UE monitors the legacy P-RNTI value as well as one of the new P-RNTI values, to allow paging record list to be sent with UE identities belonging to more than one group.

4
Conclusion

In this paper we propose a more efficient way to reduce paging overhead than the proposal on message reading indicator, by introducing additional P-RNTIs, and propose:
Proposal 1: Use additional new P-RNTI values in order that different groups of UEs can be paged in one paging occasion, without waking the other groups of UEs to read PDSCH.

Proposal 2: UE monitors one of the new P-RNTI values based on a hash function of IMSI, to further divide groups within one paging occasion.

Proposal 3: UE monitors the legacy P-RNTI value as well as one of the new P-RNTI values, to allow paging record list to be sent with UE identities belonging to more than one group.
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