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1	Introduction
Truncated UE-ID has been proposed in [1][2][3] as paging indicator definition for response-driven paging. In this contribution, we discuss first the general aspects associated with using truncated UE-ID as paging indicator. Then, we analyse the impact of using a fixed or configurable length for truncated UE-ID on the false-paging rate. In addition, we compare the performance of both schemes against direct paging method used in LTE with respect to downlink and uplink overhead.
2	Truncated UE-ID
2.1	General
The truncated UE-ID is one sensible definition for paging indicator that could be used for response-driven paging [3]. In this case, all UEs with 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.  Given that the truncated UE-ID could be much smaller than the full UE-ID, the downlink overhead can be reduced significantly.
Observation 1: Signalling the truncated UE-IDs instead of the full UE-IDs reduces the downlink overhead.
To reduce the false-paging rate, it is important that the truncated UE-IDs is derived from unique part of UE-ID. For instance, taking the N Most Significant Bit (MSB) of e.g. S-TMSI as proposed by [1] may not be the optimal choice since the first 8 bits of S-TMSI correspond to MME Code (MMEC) that is likely to be common for many UEs monitoring the same Paging Occasion (PO). In this case, the likelihood that many UEs have the same truncated UE-ID is higher if already 8 bits out of e.g. 10 truncated UE-ID is the same for many UEs. The same applies for IMSI where the first 24 bits correspond to PLMN ID. 
To overcome this issue, the truncated UE-ID could be derived for instance from the MME Mobile Subscriber Identity (M-TMSI) or Mobile Subscriber Identification Number (MSIN) which are unique UE identifiers of M-TMSI and IMSI, respectively.
Proposal 1: The truncated UE-ID should be derived from unique part of UE-ID. 
Proposal 2: The truncated UE-ID can be derived from M-TMSI or MSIN which are unique parts of S-TMSI or IMSI, respectively.
Similar to the LTE case, the maximum number of UEs that can paged in one PO would depend on the capacity of the Paging Channel (PCH). Thus, paging blocking can occur if the number of bits required to send the truncated UE-IDs of the paged UEs exceeds the maximum downlink capacity of PCH.
Observation 2: Paging blocking can occur when the number of bits required to send the truncated UE-IDs exceeds the maximum downlink capacity of PCH.
It could happen that multiple paged UEs with different UE-IDs have the same truncated UE-ID. In this case, the network needs to remove duplicate truncated UE-IDs and signal only distinct ones over the radio.
Proposal 3: Network needs to remove duplicate truncated UE-IDs and signal only distinct ones over the radio.
2.2	Fixed vs Configurable Length
Given k paged UEs in a PO, the probability for false-paging, i.e., a UE has a truncated UE-ID that matches one of the k signaled ones, is given by k/2L.  The higher L, the smaller the false-paging rate is. 
Observation 3: Higher length of the truncated UE-ID reduces the false-paging rate.
One approach is to fix the length L of the truncated UE-IDs. In this case, the length L should be tailored with respect to the maximum number of UEs that can be paged in a PO such that the target capacity of PCH is not exceeded. For instance, assume that the target is to reduce the downlink overhead by a factor of ~3 compared to direct paging method used in LTE, i.e., from 16 x 40 bits (S-TMSI) = 640 bits to 224 bits. Moreover, assume that the maximum number of UEs that can be paged in a PO is 16 as in LTE. As a result, L = 224/16 = 14 bits is the maximum length for the truncated UE-ID that can reduce at most the false-paging rate when the number k of paged UEs is 16. However, this value of L = 14 is not the optimal choice when the number of paged UEs is smaller than 16. For example, if a small number of UEs is paged, the length of the truncated UE-IDs could be higher than L = 14, reducing further the false paging rate. 
Observation 4: The fixed length of the truncated UE-ID can be only optimized with respect to a specific number of paged UEs in a PO.
As an alternative, the length L of the truncated UE-ID can be tailored to each number k of paged UEs in a PO. For instance, the length L can be derived according to the following


 where N is the total number bits that is available in PCH for transmitting the truncated UE-IDs,
Lmax is the maximum length of truncated UE-ID, and
            E is the encoding overhead for indicating the derived length L of the paging indicator to the UE in each PO. 
For illustration, the performance of both schemes is compared for the evaluation parameters that are shown in Table 1.
Table I: Evaluation parameters.
	Parameter
	Value

	Number k of paged UEs per PO
	1 to 16

	Number N of bits available for sending the truncated UE-IDs
	228   

	Maximum length Lmax of truncated UE-ID
	36 bits (length of MSIN)

	Encoding E overhead of truncated UE-ID length L
	4



Fig. 1a shows the length L as a function of the number k of paged UEs for both schemes: Fixed length of truncated UE-ID (denoted by FL UE-ID) and configurable length of truncated UE-ID (denoted by CL UE-ID). For FL UE-ID, the length L is fixed to floor(N/16)=floor(228/16) = 14 bits where 16 is the maximum number of UEs that can be paged in a PO. As for CL UE-ID, it shown that there are 10 different values for L that can be encoded with E = 4 bits. Moreover, in contrast to the FL UE-ID the length L is higher for smaller number of paged UEs which in turn leads to lower false-paging rate. 
This is reflected in Fig. 1b which shows the probability k/2L for a UE to receive a false-paging for both schemes. It is shown that for CL UE-ID the probability to receive false-paging is nearly zero for number k of paged UEs that is smaller than 11. Moreover, the probability to receive false-paging for CL UE-ID is significantly smaller than that of FL UE-ID. Only for very high number of paged UEs, 15 or 16, the probability to receive false paging is the same for FL and CL UE-ID.
Observation 5: Configuring the length of the truncated UE-ID based on the number of paged UEs in a PO leads to a substantial reduction in false-paging rate.
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Figure 1: Length L of the truncated UE-ID for both fixed and configurable length schemes (Fig. 1a) and their corresponding probability for receiving a false-paging (Fig. 1b).
Fig. 2a shows the number of bits needed to transmit in downlink the truncated UE-IDs for both FL UE-ID and CL UE-ID schemes, and the full UE-ID (S-TMSI of 40 bits) for direct paging, i.e., the overhead E for indicating the length L in each PO has been considered as well for CL UE-ID. It is shown that the downlink overhead of CL UE-ID approaches that of direct paging up to k = 6 before it saturates to the maximum number of available bits N = 228 bits. That is CL UE-ID is similar to direct paging for small number of paged UEs and to FL UE-ID for high number of paged UEs, making the best from both schemes. This is observed as well in Fig. 2b which shows the number of false-paging/UE/min for a DRX cycle of 320 ms, i.e., [60 s ∙ Prob (Fig. 1b) ] / 0.32 s. It is shown in Fig. 2b that for both FL UE-ID and CL UE-ID the highest number of false paging/UE/min is 0.1831 for k = 15 and 16 which corresponds to only one false-paging every 5.5 min, i.e., result inline with [2]. This is the worst-case corresponding to high number of paged UEs. For all k values that are smaller than 11, the number of false-paging for CL UE-ID is almost zero. 
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Figure 2: The downlink overhead in terms of bits for fixed and configurable length schemes and direct paging (Fig. 2a) and their corresponding number of false-paging/UE/min for a DRX cycle of 320 ms (Fig. 2b).
Based on the following results, the following proposals could be made:
Proposal 4: The length of the truncated UE-ID is not fixed and is derived based on the number of paged UEs in each PO.
Proposal 5: The network indicates to the UEs the selected length of the truncated UE-ID in each PO.
4	Conclusion
In this contribution, we have highlighted the benefits of having a configurable length for the truncated UE-ID depending on the number of paged UEs per PO. The observations and the proposals are summarized in the following.
Observation 1: Signalling the truncated UE-IDs instead of the full UE-IDs reduces the downlink overhead.
Observation 2: Paging blocking can occur when the number of bits required to send the truncated UE-IDs exceeds the maximum downlink capacity of PCH.
Observation 3: Higher length of the truncated UE-ID reduces the false-paging rate.
Observation 4: The fixed length of the truncated UE-ID can be only optimized with respect to a specific number of paged UEs in a PO.
Observation 5: Configuring the length of the truncated UE-ID based on the number of paged UEs in a PO leads to a substantial reduction in false-paging rate.
Proposal 1: The truncated UE-ID should be derived from unique part of UE-ID. 
Proposal 2: The truncated UE-ID can be derived from M-TMSI or MSIN which are unique parts of S-TMSI or IMSI, respectively.
Proposal 3: Network needs to remove duplicate truncated UE-IDs and signal only distinct ones over the radio.
Proposal 4: The length of the truncated UE-ID is not fixed and is derived based on the number of paged UEs in each PO.
Proposal 5: The network indicates to the UEs the selected length of the truncated UE-ID in each PO.
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