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1. Introduction

In this contribution, we address some of the open issues for paging for Rel 13 eMTC and provide a text proposal for consideration.

2. Discussion
2.1. Background 
RAN1 has agreed to the following principles for paging [1]
a. M-PDCCH scheduled PDSCH is used to carry paging record(s)

b. One or more narrowbands can be configured by eNB for paging

· A UE monitors a paging occasion in one of the configured narrowbands in the subframe based on at least UE ID at least for paging record(s)


In addition, RAN2 has also made some agreements on paging for eMTC:

	RAN2 Agreements
1
The number of M-PDCCH repetitions corresponding to each coverage level will be known to the UE, for example based on information broadcast in system information

2
For paging, the M-PDCCH repetition pattern in both time and frequency domain is determined irrespective of the UEs coverage extension level.

3
RAN2 agrees as a baseline that it is acceptable for a UE to receive paging based only on its current coverage level. Final confirmation of UE behaviour can be made once RAN4 have concluded whether a UE can make a reliable estimate of its current coverage level.

5
A non-LC UE capable of EC operation and in normal coverage on a cell that does not supports EC (but may support Rel-13 LC UEs), monitors paging according to the legacy paging mechanism.

6
Starting subframes of the Rel-13 LC and EC paging mechanism can be determined in the same way as the paging occasion in the legacy paging mechanism.

7
Repetitions pattern in both time and frequency should be determined and specified by RAN1.

8
As part of the ongoing work, RAN2 should consider limiting the shorter DRX cycles and supporting extended DRX in combination with enhanced coverage operation.


As per RAN2 agreement #6, there is no change on the paging frame and paging occasion calculation for Rel. 13 eTMC. The only open issue is how to determine the narrowband within the UE’s PO that is used for paging. This is shown in Figure 1, as the POs are determined based on the legacy mechanism. 
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Figure 1: Example of multiple narrowband regions for Paging in Rel 13 MTC 
2.2. Paging narrowband calculation 
It is possible to envision two methods to select the paging narrowband (P_NB) for the UE:
Alt 1) Based on a UE_ID, similar to the legacy paging frame calculation

Alt 2) Based also on the coverage level

Alt.1 seems simpler, but precludes the option of configuring narrowbands to certain coverage levels, which may be desirable in some cases. However, since the eNB anyway does not know the exact coverage level of the UE, it may be challenging to optimize this scenario and there is a risk that UE may miss a page even though it may be in good coverage level. 
Observation: A UE’s narrow band for paging should be defined such that it is locally computable at both the eNB and the UE. 
Following the above principle, a reasonable approach is to compute the paging narrowband based on the UE_ID and the total number of paging narrowbands, N_Nb. The total number of paging narrowbands is broadcast in MTC SIB. Note however that due to multiple number of subbands being available for paging in each PO, there is an effective increase in number of paging resources in the system, requiring an increase in the UE_ID space in order to address all of them. This can be addressed by defining a new UE_ID’ = IMSI mod (1024x16) = IMSI mod 16384.
Proposal 1: Define a UE’s paging narrowband (PN) a function of a new UE_ID and the total number of paging narrowbands (Nn). The parameter Nn is broadcast in SIB as paging-narrowBands-r13.
For P_Nb calculation, the UE first computes the PO and PF in the usual way, i.e [2], except for using the newly defined UE_ID’ instead of UE_ID 
· PF : SFN mod T= (T div N)*(UE_ID’ mod N)
· PO: i_s = floor(UE_ID’/N) mod Ns
Then the P_Nb can be computed as following the principle of uniform distribution across the narrowbands:
· PN = floor(UE_ID’/(NxNs)) mod Nn
 where N_Nb = total number of narrowbands for paging provided in paging-narrowBands-r13  

 - UE_ID’ = IMSI mod 16384
Proposal 2: The paging narrowband formula should ensure that there is a uniform distribution of UEs across the narrowbands. A possible formula is the following
· PN = floor(UE_ID’/(NxNs)) mod Nn
Proposal 3: Agree on the TP provided in the Annex
Proposal 4: Inform RAN3 of the agreement to introduce a new UE ID for paging, defined as UE_ID’ = IMSI mod 16384
3. Conclusion

In this contribution, we provided our views on the paging narrowband determination for eMTC. The following proposals are made
Proposal 1: Define a UE’s paging narrowband (PN) a function of a new UE_ID and the total number of paging narrowbands (Nn). The parameter Nn is broadcast in SIB as paging-narrowBands-r13.

Proposal 2: The paging narrowband formula should ensure that there is a uniform distribution of UEs across the narrowbands. A possible formula is the following

· PN = floor(UE_ID’/(NxNs)) mod Nn

Proposal 3: Agree on the TP provided in the Annex

Proposal 4: Inform RAN3 of the agreement to introduce a new UE ID defined as UE_ID’ = IMSI mod 16384
Reference
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------------------------------------------------------------Text End -------------------------------------------------------------------------
3.1. 7.1
Discontinuous Reception for paging
The UE may use Discontinuous Reception (DRX) in idle mode in order to reduce power consumption. One Paging Occasion (PO) is a subframe where there may be P-RNTI transmitted on PDCCH or MPDCCH addressing the paging message. In P-RNTI transmitted on MPDCCH case, PO refers to the starting subframe of MPDCCH repetitions.
One Paging Frame (PF) is one Radio Frame, which may contain one or multiple Paging Occasion(s). When DRX is used the UE needs only to monitor one PO per DRX cycle.

PF and PO is determined by following formulae using the DRX parameters provided in System Information:

PF is given by following equation:

SFN mod T= (T div N)*(UE_ID mod N)

Index i_s pointing to PO from subframe pattern defined in 7.2 will be derived from following calculation:

i_s = floor(UE_ID/N) mod Ns
If P-RNTI is monitored on M-PDCCH, the Paging Narrowband (PN) is determined by the following equation:
PN = floor(UE_ID/(NxNs) mod Nn
System Information DRX parameters stored in the UE shall be updated locally in the UE whenever the DRX parameter values are changed in SI. If the UE has no IMSI, for instance when making an emergency call without USIM, the UE shall use as default identity UE_ID = 0 in the PF,  i_s and PN formulas above.

The following Parameters are used for the calculation of the PF,  i_s and PN:

-
T: DRX cycle of the UE. T is determined by the shortest of the UE specific DRX value, if allocated by upper layers, and a default DRX value broadcast in system information. If UE specific DRX is not configured by upper layers, the default value is applied. 
-
nB: 4T, 2T, T, T/2, T/4, T/8, T/16, T/32.

-
N: min(T,nB)

-
Ns: max(1,nB/T)
-    Nn : number of paging narrowbands provided in system information
-
UE_ID: 
- IMSI mod 1024, if P-RNTI is monitored on PDCCH
- IMSI mod 16384, if P-RNTI is monitored on M-PDCCH.
IMSI is given as sequence of digits of type Integer (0..9), IMSI shall in the formulae above be interpreted as a decimal integer number, where the first digit given in the sequence represents the highest order digit.

For example:


IMSI = 12 (digit1=1, digit2=2)

In the calculations, this shall be interpreted as the decimal integer "12", not "1x16+2 = 18".

Editor NOTE X+1:
Details may be needed on number of MPDCCH repetitions to monitor, or reference to RAN1 specification.
------------------------------------------------------------Text End -------------------------------------------------------------------------
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