3GPP TSG RAN WG1 Meeting #86-bis
R1-1608887
Lisbon, Portugal, 10th-14th October 2016
Agenda item:

7.2.9.3
Source:
Nokia, Alcatel-Lucent Shanghai Bell
Title:
Paging on non-anchor PRB for NB-IoT
Document for:

Discussion and Decision
1
Introduction
In RAN1#86, the following points were agreed regarding paging transmission –
· For a Rel-14 NB-IoT UE, both anchor and non-anchor PRB can be selected as the paging PRB 

· A Rel-14 UE chooses the PRB based on UE_ID

· Paging message on NPDSCH is scheduled by NPDCCH on the same PRB.
In this contribution, we provide further details for paging transmission on non-anchor PRB(s).

2
Paging on Non-anchor PRB
In RAN1#86, it was agreed to support paging on both anchor and non-anchor PRB. In addition, the UE will choose the PRB based on UE_ID. However, the exact method has not been finalized. In a similar way and as already implemented for eMTC (see [3]), our proposal is to introduce “Paging NB-IoT Carrier” (PNC) and to have PNC determined by the following equation: PNC = floor(UE_ID/(N*Ns)) mod Nc with N, Ns defined as in [3], UE_ID = IMSI mod 4096 (see [3]) and Nc = number of NB-IoT DL carriers for which paging may be transmitted. This will allow distribution of UEs among the different paging carriers.
On the other hand PF/PO are determined as described by [3], and the DCI N2 is used to indicate that a paging message is available (see [4]). As a consequence, the UE needs to be aware of the list of NB-IoT DL carriers for which paging is transmitted, identified e.g. by their carrier index. The precise way to provide such information is TBD by RAN2 (e.g. via the SIB2-NB), but it shall be provided in a backward-compatible way, i.e. “no information provided” means that “Paging is transmitted by the anchor carrier only”.

Proposal 1: The NB-IoT DL carrier used for paging is determined by the following equation: PNC = floor(UE_ID/(N*Ns)) mod Nc, Nc being the number of NB-IoT DL carriers for which paging may be transmitted.
In addition, as pointed out in [5], Rel-13 UE can only be paged on anchor carrier while Rel-14 UE may be paged in either anchor or non-anchor carriers or PRBs based on its UE ID. This can create an imbalance in the load among different paging PRBs. Thus, it would be beneficial to allow for non-uniform load distribution among the different paging carriers. One simple approach to implement this non-uniform load distribution is to allow multiple entries of the same carrier in the list of NB-IoT DL carriers for which paging is transmitted. For example, if the list of NB-IoT DL paging PRBs comprises of {PRB1, PRB4, PRB4} and UE selects uniformly among the carriers as in eMTC, then PRB4 is likely to be selected twice as often as PRB1. This then allows 66% of Rel-14 UEs to select PRB4 while 33% will select PRB1. This simple approach will allow a particular carrier to be selected by M/Nc fraction of the users where M is the number of times the carrier appears in the list. This also allows only non-anchor carriers to be used for paging by Rel-14 UE which can be done by omitting the anchor carrier from the list. Note that this method does not require any additional change to the specification. Therefore, it is proposed to support non-uniform load distribution among paging carriers. This can be done by allowing multiple entries of the same carrier in the list of paging carriers as described.
Proposal 2: Support non-uniform load distribution among paging carriers. This can be done by allowing multiple entries of the same carrier in the list of paging carriers.
Different NB-IoT carriers may have different transmission powers and associated performance. This can be due to a limitation in power boosting capability (e.g. only one PRB can be boosted by 6 dB), combination of in-band/guard-band deployment or based on coverage level differentiation as determined by the network. In this case, when paging is supported on PRBs with different performance, it will be necessary to configure different parameters (e.g. Rmax) for each carrier. Therefore, it is proposed that different parameters (e.g. Rmax) can be configured for each carrier.
Proposal 3: Separate paging parameters (e.g. Rmax) can be configured for each paging carrier. 
For measurement purpose, UE currently performs measurements on the anchor carrier. For UE that is monitoring paging on non-anchor carrier, this would require retuning to the anchor carrier for measurement. It can be considered whether measurements can be done on non-anchor carrier to avoid retuning. However, it may be beneficial for non-anchor carrier to limit NRS transmission when there is no associated NPDCH/NPDSCH. Furthermore, measurements could be more accurate on anchor carrier due to presense of NPSS/NSSS and denser transmissions. Retuning time is also relatively fast based on eMTC analysis. This, it is preferred that measurement is performed on the anchor carrier only.

Proposal 4: Measurement is performed on the anchor carrier only. 

UE can also derive measurement information about non-anchor carrier (e.g. RSRP) from measurements on anchor carrier. This information might be useful e.g. for to determine the required number of repetitions for decoding. To account for a power difference between anchor and non-anchor carrier, an offset can be used to inform the UE of the power difference among the carriers. This will allow UE to obtain equivalent measurements on non-anchor carrier from measurements on the anchor carrier.
3
Conclusions
In this contribution, we consider paging on non-anchor PRB(s) and make the following proposals –

Proposal 1: The NB-IoT DL carrier used for paging is determined by the following equation: PNC = floor(UE_ID/(N*Ns)) mod Nc, Nc being the number of NB-IoT DL carriers for which paging may be transmitted.

Proposal 2: Support non-uniform load distribution among paging carriers. This can be done by allowing multiple entries of the same carrier in the list of paging carriers.

Proposal 3: Separate paging parameters (e.g. Rmax) can be configured for each paging carrier. 

Proposal 4: Measurement is performed on the anchor carrier only. 
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