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1. Introduction
During RAN2 #91 meeting, the following agreement was reached [1]:

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.
That means use more downlink subframes for paging repetition. A question for this method is whether there are sufficient downlink subframes for paging repetition between the two adjacent legacy paging occasions. This document discusses this issue and gives our proposal.
2. Discussion
There are two factors involved: the repetition numbers and the interval of the legacy paging occasions. According to the current specification [2], the paging frames and paging occasions are calculated as below.

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

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

-
T: DRX cycle of the UE. 

-
nB: 4T, 2T, T, T/2, T/4, T/8, T/16, T/32.

-
N: min(T,nB)

-
Ns: max(1,nB/T)

-
UE_ID: IMSI mod 1024.

The interval of the legacy paging occasions are related to the paging density, i.e. the parameter nB in the paging occasion calculation equation. It can be concluded that the lower nB is, the larger the interval of the paging occasion is, and the more subframes can be used for paging repetition.
According to the current value scope, the lowest value of nB can be set to T/32, which means that maximum interval of the two adjacent paging occasions could be as large as 32 radio frames. Retransmission of paging message should be completed during the 32 radio frames, otherwise, it will collide with other UE’ paging occasion, i.e. POn+1.  This problem can be illustrated as figure 1. If the length of paging repetition pattern is larger than 32 radio frames, the lowest value of nB needs to be extended to increase the interval of two PO. 


[image: image1.emf]POn  

POn+1

… …

Paging repetition for UE2

Paging repetition for UE1

POn:      the starting point for UE1

POn+1:  the starting point for UE2

Overlapped paging subframes


Figure 1
Observation 1: The existing value of parameter nB may not be low enough to support the paging repitition during the two legacy POs.
For FDD, all of the ten subframes per radio frame can be used for paging repetition. For TDD, considering the minimum DL subframes configuration, only subframe #0, #1, #5, #6 can be configured as downlink subframes, and the subframe #1 and #6 are special subframes. Hence, only two subframes per radio frame can be used. 

Observation 2: For TDD, only subframe #0 and #5 can be always used for paging repetition.
For TDD case with only subframe #0 and #5 as downlink subframes that can be used for paging, the  32 radio frames (nB is the lowest value T/32) would give up to potentially 64 M-PDCCH repetitions (with 2 paging subframes/frame), which is not sufficient. Because according to the RAN1’s agreement [3], the repetition number of 128 and 256 should be supported:
The mapping or Rmax_paging to CSS Paging repetition candidates will be according to the table below:

    Rmax,paging => CSS Paging Repetition Candidates

    256  =>  {2  16 64 256}

    128 =>   {2  16 64 128}
     64 =>    {2  8
 32 64}

     32 =>    {[1]  4 16 32}

     16 =>     {[1]  4  8  16}

      8 or less => {[1]  2  4  8}

Therefore, to support the repetition numbers of 128 and 256 as RAN1’s agreement, we suggest extending the nB value to T/64 and T/128. Note that T/128 can only support the case that all the configured downlink paging  subframes can be used for paging, e.g. subframe #0 and #5 in above example can be used for paging in subsequent radio frames. If there is any invalid subframe that can’t be used for paging, T/128 may not be enough, so T/256 is also suggested.
Proposal: Extend the value of parameter nB to T/64, T/128 and T/256.
3. Conclusion
In this document, we analyze the extension issue of the parameter nB, and give the following observations and proposals.

Observation 1: The existing value of parameter nB may not be low enough to support the paging repitition during the two legacy POs.
Observation 2: For TDD, only subframe #0 and #5 can be always used for paging repetition.
Proposal: Extend the value of parameter nB to T/64, T/128 and T/256.
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