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1	Introduction
In this contribution, we investigate the different definitions of paging indicator that have been proposed so far for response-driven paging[1]-[4]. In particular, we compare the performance of bitmap-specific paging indicator [1][3] against truncated UE-ID [2][4][5] with respect to false-paging rate for the same downlink overhead. 
2	Paging Indicator Definitions
2.1	Bitmap Paging Indicator
In this case, a group of UEs denoted by Paging Group (PG) monitor a specific bit in a bitmap that is signalled in a corresponding PO. The number of PGs determines the number of bits that is transmitted in each PO. All UEs in the PG that are monitoring the same bit perform uplink access if their corresponding bit is indicated/set in PO. For instance, in case of four PGs per PO the length of the bitmap is four bits and paging e.g. the second PG requires to set the second bit of the bitmap to 1, i.e., 0100.
The number of bits that is needed to transmit the bitmap is fixed in each PO and is equal to the number of PGs in a PO.
Observation 1: The number of bits that is needed to transmit the bitmap is fixed in each PO and is equal to the number of paging groups in a PO.
In LTE, the number of UEs that can be paged in downlink is limited to 16 due to limitations on the capacity of the Paging Channel (PCH). However, such limitation does not exist in bitmap paging indicator where all UEs of a PO can be paged in principle by setting all bits of the bitmap to 1, i.e., 1111 for paging all four PGs. 
Observation 2: In bitmap paging indicator, there is no limitation on the number of UEs that can be paged in a PO. All UEs of a PO can be paged by setting all bits of the bitmap to 1.
2.2	Truncated UE-ID
As an alternative to the bitmap, the network can signal the truncated UE-IDs of the paged UEs [5]. All UEs with a UE-ID that match any of the signalled truncated UE-IDs would perform uplink access. The UE-ID could be either S-TMSI or IMSI that is unique ID for each UE within an MME pool or globally, respectively.  The truncated UE-ID can be derived from MME Mobile Subscriber Identity (M-TMSI) or Mobile Subscriber Identification Number (MSIN) which are unique parts of S-TMSI or IMSI, respectively.
It has been shown in [5] that configuring the length L of the truncated UE-ID depending on the number k of paged UEs in a PO leads to a substantial decrease in the false-paging rate. More detail can be found in [5].
2.3	Performance Comparison
For a fair comparison between both definitions, we need to evaluate their false-paging rates for the same downlink overhead which is represented by the number of bits used to carry the paging indicators (bitmap or truncated UE-ID). 
As false-paging rate is more critical when the number of paged UEs in a PO is high, we will compute the false-paging rate for the maximum number of paged UEs in a PO which is equal to 16 if the assumption of LTE is taken as baseline.
Given 16 paged UEs in a PO, the probability Pt to receive a false-paging with a truncated UE-ID of length L is computed as follows       


Accordingly, the number Ft of false-paging per UE per min for a DRX cycle D [s] can be computed as 



The capacity N [bits] of the PCH carrying the paging indicators is computed simply as



Having defined the number N of bits in PCH, the false-paging rate for the bitmap paging indicator can be now computed for the same downlink overhead of that used for truncated UE-ID. The probability Pb to receive a false-paging with a bitmap of length N is computed as follows
       






Similar to Eq. (3), the number Fb of false-paging per UE per min for a DRX cycle D [s] can be computed in case of bitmap as 



The false-paging rates of both bitmap and truncated UE-ID can now be compared by evaluating Ft of Eq. (3) and Fb of Eq. (6) for different values of L. Moreover, as a benchmark we evaluate the percentage Q of the downlink overhead with respect to direct paging as follows



where 640 is the number of bits needed in LTE to transmit 16 S-TMSIs of 40 bits. It is clear that if L is less than 40 bits, N of Eq. (4) would be less than 640 leading to a reduction in downlink overhead.
Fig. 1 shows the number of false-paging per UE per min for both bitmap paging indicator (blue ‘x’) and truncated UE-ID (blue ‘+’) as a function of the length L of the truncated UE-ID. 
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Figure 1: Performance comparison between bitmap paging indicator and truncated UE-ID for the same downlink overhead.
As said before, these false-paging rates are computed for the worst-case scenario when the maximum number (16) of UEs are paged in a PO. The DRX cycle value D is set to 0.32 s. 
It is shown in the figure that the false-paging rate of the bitmap paging indicator is smaller than that of truncated UE-ID for lengths L that are smaller than seven. For these values of L, the percentage Q of downlink overhead is very small, ranging between 5% and 15 % of direct paging overhead, i.e., 85 % to 95 % reduction in downlink overhead. However, the false-paging rate achieved may be still high targeting such very high reductions in downlink overhead.
Observation 3a: At very high downlink overhead reductions, between 85% to 95 %, the false-paging rate for the bitmap based paging indicator scheme maybe still too high.
Observation 3b: The improvement in downlink overhead reduction must be accompanied by a corresponding tolerable false-paging rate.
The truncated UE-ID achieves a smaller false-paging rates for all the remaining values of L > 6 providing more operating points where trade-off between downlink and uplink overhead can be achieved. In particular, the values of L between 12 and 21 can achieve very small false-paging rates while keeping the percentage Q of downlink overhead to small values. For instance, L = 14 can reduce the downlink overhead by 65% while having in the worst case one false-paging every 5.5 min. It is shown in [5] that the false-paging rate is nearly zero for numbers of paged UEs that are smaller than 11 when the length L is configured based on number of paged UEs.
Observation 4: Truncated UE-IDs provides a wide range of operating points where trade-off between downlink and uplink overhead can be achieved.
Observation 5: Truncated UE-ID can achieve false-paging rates than are much smaller than those achieved by bitmap paging indicator. 
Based on the results, we make the following proposal:
Proposal 1: Truncated UE-ID is to be used as a definition for paging indicator in response-driven paging.
4	Conclusion
In this contribution, we have analysed the uplink performance of both truncated UE-ID and bitmap paging indicator for same downlink overhead. The observations and the proposals are summarized in the following.
Observation 1: The number of bits that is needed to transmit the bitmap is fixed in each PO and is equal to the number of paging groups in a PO.
Observation 2: In bitmap paging indicator, there is no limitation on the number of UEs that can be paged in a PO. All UEs of a PO can be paged by setting all bits of the bitmap to 1.
Observation 3a: At very high downlink overhead reductions, between 85% to 95 %, the false-paging rate for the bitmap based paging indicator scheme maybe still too high.
Observation 3b: The improvement in downlink overhead reduction must be accompanied by a corresponding tolerable false-paging rate.
Observation 4: Truncated UE-IDs provides a wide range of operating points where trade-off between downlink and uplink overhead can be achieved.
Observation 5: Truncated UE-ID can achieve false-paging rates than are much smaller than those achieved by bitmap paging indicator. 
Proposal 1: Truncated UE-ID is to be used as a definition for paging indicator in response-driven paging.
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