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Introduction
[bookmark: _Ref178064866]At the RAN2 #101 meeting RAN2 confirmed RAN1’s decision not to support response-driven paging in release 15. Still, RAN2 did not preclude the use of truncated UE ID (which has been proposed in conjunction with response-driven paging), but left it FFS “whether truncated UE ID could optionally be used in the case of FR2” (i.e. in carrier frequencies 24250-52600 MHz).
This contribution addresses this FFS and also anticipates potential future additional optimizations.
Discussion
Using truncated UE IDs in paging
Obviously, using truncated UE IDs in paging requires that UEs monitoring paging somehow are provided with information about the full IDs of the paged UEs or additional information indicating whether a specific UE is targeted by the page. Response-driven paging provides such mechanisms, but since response-driven paging is not supported in release 15, as per recent agreements, the use of truncated UE IDs, if any, has to be combined with further UE ID information provisioning in conjunction with regular paging.
[bookmark: _Toc510730176][bookmark: _Toc513442450][bookmark: _Toc513745922]Use of truncated UE IDs in conjunction with paging in release 15 has to include further UE ID information provisioning in conjunction with regular paging.
Without turning to full-fledged response-driven paging, this can be fulfilled if truncated UE IDs are used as an optimization of regular (non-response-driven) paging, where a UE can still find the comprehensive paging information in the Paging message on the PDSCH. If truncated UE IDs of the paged UEs are included in the DCI on the PDCCH (when the DCI contains a DL scheduling allocation for a RRC Paging message on the PDSCH), most of the page-monitoring UEs that are not targeted by the page will be able to conclude this from the truncated UE IDs and can thus immediately go back to DRX sleep state and skip decoding the RRC Paging message on the PDSCH.
[bookmark: _Toc510730177][bookmark: _Toc513442451][bookmark: _Toc513745923]Including truncated UE IDs of paged UEs in the PDCCH DCI allocating PDSCH resources for the RRC Paging message would enable the majority of the page-monitoring UEs that are not targeted by the page to conclude this from the truncated UE IDs so that they immediately can go back to DRX sleep state and skip decoding the RRC Paging message on the PDSCH.
Proposal 1		As an optional optimization, the network should be able to include truncated UE ID(s) of the UE(s) being paged in PDCCH DCI allocating PDSCH resources for the RRC Paging message.
The longer the truncated UE IDs are, the fewer the “false positives” will be (i.e. the cases where a UE finds a matching truncated UE ID in the DCI, but determines from the RRC Paging message on the PDSCH that it is not targeted by the page). Therefore, the truncated UE ID should preferably be as long as the available space in the DCI allows. The size of the DCI will be fixed (filled up with reserved/unused bits if needed), so there is no reason not to use all the bits that are available. Hence, the length of the truncated UE ID should preferably be dynamic and determined by the relation between the number of available bits in the DCI and the number of truncated UE IDs to be included. For instance, assuming that all truncated UE IDs included in the DCI have equal length, the length (in number of bits) could be determined by:
K = N\M
where K is the number of bits of a truncated UE ID, N is the number of available bits in the DCI and M is the number of truncated UE IDs to be included in the DCI. The operator “\” represents integer division, which means that only the integer part of the quotient is retained while the decimal fraction is discarded. An equivalent representation using the floor function would be:
K = floor(N/M)
This algorithm is not useful for any number of truncated UE IDs. If the truncated UE IDs are too many in relation to the available bits, they will be so short that no gain is achieved. As a very least restriction, 2K > M must be fulfilled for any gains to be achieved.
Proposal 2		The length of a truncated UE ID should be dynamic and should depend on the relation between the number of available bits in the DCI and the number of truncated UE IDs to be included in the DCI.
A circumstance that needs to be considered is that paging can be initiated by either the CN or the RAN and the UE tells the difference from the UE ID in the RRC Paging message (which is the 5G-S-TMSI when the paging is initiated by the CN and the I-RNTI when the paging is initiated by the RAN). The straightforward way to derive a truncated UE ID would thus be to use the 5G-S-TMSI as the source of derivation when the paging is initiated by the CN and use the I-RNTI as the source of derivation when the paging is initiated by the RAN. This creates the issue that a UE cannot unambiguously determine from the truncated UE ID in the DCI whether it is targeted by the page, even if it finds a possible match in the DCI, since it does not know whether the truncated UE ID was derived from the 5G-S-TMSI or from the I-RNTI. To resolve this issue, either the DCI should include an indication of the source of the page (CN or RAN), as proposed in our companion contribution R2-1806807 [1], or the truncated UE ID should consistently be derived from the same type of UE ID.
A UE always has an allocated 5G-S-TMSI, regardless if the UE is in RRC_IDLE state or in RRC_INACTIVE state, whereas an I-RNTI is available only in RRC_INACTIVE state but not in RRC_IDLE state. Hence, the preferred choice of UE identifier to derive the truncated UE ID from is the 5G-S-TMSI. Furthermore, the internal structure of the 5G-S-TMSI implies that many UEs in a certain cell may share the same value of parts of the 5G-S-TMSI, specifically the AMF Set ID and to some extent the AMF Pointer. Therefore, the truncated UE ID should be derived from the 5G-TMSI, which is a part of the 5G-S-TMSI which is likely to vary more between UEs than the AMF Set ID. The derivation algorithm could be simple truncation (from the direction of the most significant bit or the least significant bit) or some other algorithm that hashes the 32-bit 5G-TMSI into a shorter identifier.
To enable use of truncated UE IDs derived from the 5G-TMSI in conjunction with RAN initiated paging, the 5G-TMSI, or the truncated UE ID derived from it, should be conveyed from the CN to the RAN, e.g. when the UE context is established in the RAN.
Proposal 3		Unless the source of the paging (CN or RAN) is indicated in the DCI (as proposed in R2-1806807 [1]) the truncated UE ID should be derived from the 5G-TMSI for both CN initiated and RAN initiated paging and the 5G-TMSI, or the truncated UE ID derived from it, should be conveyed from the CN to the RAN when the UE context is established in the RAN.
The notion of truncated UE IDs was originally intended for use together with response-driven paging. As has been outlined in this contribution, truncated UE IDs can also be useful in conjunction with regular paging. However, once the possibility to include truncated UE IDs in the DCI is in place, this can be regarded as a first step towards introduction of response-driven paging in release 16.
[bookmark: _Toc510730178][bookmark: _Toc513442452][bookmark: _Toc513745924]The possibility to include truncated UE IDs in the PDCCH DCI can be regarded as a first step towards introduction of response-driven paging.
Supporting optionality and flexibility for future optimizations
Inclusion of truncated UE ID(s) in the DCI in conjunction with paging (i.e. in the paging DCI), as described above, is an optimization, which clearly should be optional. This calls for a way to inform the UE of whether any truncated UE ID is included. For this, we need a bit in the paging DCI, which indicates the presence or non-presence of truncated UE ID(s).
[bookmark: _Toc513745925]Inclusion of truncated UE ID(s) in the paging DCI should be optional and thus a means is needed for indication of presence or non-presence of truncated UE ID(s) in the paging DCI. A single bit in the paging DCI can serve this purose.
Inclusion of truncated UE ID(s) in the DCI in the paging DCI is thus a possible way to leverage presently reserved/unused bits in the DCI for optimization of the paging mechanism. This is however not the only conceivable optimization the reserved/unused bits can be used for. Examples of optimizations that may be introduced include e.g. information about the DL data that triggered the page, an indication of response-driven paging, a dedicated preamble (for contention-free access by a responding UE), a full UE ID (in PDCCH only paging) and complementing information about SI updates. The network may want to choose among such different ways to utilize the available DCI bits, depending on the circumstances, such as deployment scenario, number of UEs to be paged, load, general operator preferences, etc. 
[bookmark: _Toc513442453][bookmark: _Toc513745926]The DCI bits that are currently unused when the DCI is used in conjunction with paging may be used to introduce various different optimizations and a network may want to choose among such different optimizations depending on the circumstances.
To enable this flexibility, it should be possible to interpret the currently available DCI bits in different ways. For this, a single bit would not longer suffice, but rather a format field would needed, which indicates how these DCI bits should be interpreted. The format field could consist of e.g. 2-4 bits, depending on how many different features with associated different interpretations of the available DCI bits one should aim for. Note that, as implied by the example potential optimizations mentioned above, the format field would be relevant both when the paging DCI contains a PDSCH scheduling allocation and when it contains ETWS/CMAS/SI update notifications (albeit with different interpretations in the two cases). 
Proposal 4	Allocate at least one format bit in the paging DCI to enable indication of presence of absence of truncated UE ID(s). More than one bit could be considered to prepare for future additional optimizations too.
Note that the circumstances and possibilities are quite different depending on whether the paging DCI contains a PDSCH scheduling allocation or not. The ways of using the reserved/unused bits that may be of interest are different depending on if the paging DCI contains a PDSCH scheduling allocation, ETWS/CMAS/SI update notifications or both. Therefore, the additional format field should have different interpretations depending on whether the paging DCI contains a PDSCH scheduling allocation, ETWS/CMAS/SI update notifications or both.
Proposal 5		The format field should have different interpretations depending on whether the paging DCI contains a PDSCH scheduling allocation, ETWS/CMAS/SI update notifications or both.
Furthermore, the number of reserved/unused bits in the DCI is much smaller when a PDSCH scheduling allocation is included in the paging DCI. This circumstance could motivate that the format field in that case is smaller than when the paging DCI does not contain any PDSCH scheduling allocation, i.e. when the paging DCI only contains ETWS/CMAS/SI update notifications.
[bookmark: _Toc513745927]It could make sense to have different numbers of format bits, depending on whether a PDSCH scheduling allocation is included in the paging DCI.
To get this enabling format field in place, RAN2 should send a LS to RAN1, asking them to specify a format field in the paging DCI consisting of at least one bit.
Proposal 6	RAN2 should send a LS to RAN1, asking them to specify a format field consisting of at least one bit in the paging DCI, where the format field would govern how the presently reserved DCI bits are interpreted.
A draft of such a LS is provided in our companion contribution R2-1808019 [2].
Conclusion
In section 2 we made the following observations:
Observation 1	Use of truncated UE IDs in conjunction with paging in release 15 has to include further UE ID information provisioning in conjunction with regular paging.
Observation 2	Including truncated UE IDs of paged UEs in the PDCCH DCI allocating PDSCH resources for the RRC Paging message would enable the majority of the page-monitoring UEs that are not targeted by the page to conclude this from the truncated UE IDs so that they immediately can go back to DRX sleep state and skip decoding the RRC Paging message on the PDSCH.
Observation 3	The possibility to include truncated UE IDs in the PDCCH DCI can be regarded as a first step towards introduction of response-driven paging.
Observation 4	Inclusion of truncated UE ID(s) in the paging DCI should be optional and thus a means is needed for indication of presence or non-presence of truncated UE ID(s) in the paging DCI. A single bit in the paging DCI can serve this purose.
Observation 5	The DCI bits that are currently unused when the DCI is used in conjunction with paging may be used to introduce various different optimizations and a network may want to choose among such different optimizations depending on the circumstances.
Observation 6	It could make sense to have different numbers of format bits, depending on whether a PDSCH scheduling allocation is included in the paging DCI.

Based on the discussion in section 2 we propose the following:
Proposal 1	As an optional optimization, the network should be able to include truncated UE ID(s) of the UE(s) being paged in PDCCH DCI allocating PDSCH resources for the RRC Paging message.
Proposal 2		The length of a truncated UE ID should be dynamic and should depend on the relation between the number of available bits in the DCI and the number of truncated UE IDs to be included in the DCI.
Proposal 3	Unless the source of the paging (CN or RAN) is indicated in the DCI (as proposed in R2-1806807 [1]) the truncated UE ID should be derived from the 5G-TMSI for both CN initiated and RAN initiated paging and the 5G-TMSI, or the truncated UE ID derived from it, should be conveyed from the CN to the RAN when the UE context is established in the RAN.
Proposal 4	Extend the short message indicator, i.e. the flag indicating whether the paging DCI contains ETWS/CMAS/SI update notifications or a PDSCH scheduling allocation, with 3 additional bits, making it a format field which allows a number of different ways to interpret the available DCI bits, thereby enabling various optimizations (inclusion of truncated UE IDs being one of them) to be introduced. The additional bits could be concatenated with the short message indicator or placed separately in the DCI.
Proposal 5	The additional format bits should have different interpretations depending on whether the paging DCI contains a PDSCH scheduling allocation, ETWS/CMAS/SI update notifications or both.
Proposal 6	RAN2 should send a LS to RAN1, asking them to specify a format field in the paging DCI, where the format field would govern how the presently reserved DCI bits are interpreted.
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