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1
Introduction
After the RAN#65 meeting, a new Rel-13 HSPA Study Item was agreed aiming at DL enhancements and in particular at “investigating mechanisms to enhance downlink signalling performance on overhead and latency, especially for the case of RRC state transition and parameter updating.” After RAN#68, the corresponding WI was agreed that aims at number of improvements in state transitions and related cases [1]. One of the sub-items within that WI was RNTI space extension, which was partially motivated by another sub-topic related to the enhanced URA_PCH state and partially by a general vision concerning increased number of UMTS UEs.

During the WI phase it turned out that RNTI space extension is not an easy change in the UMTS system. This value -  in fact three different identifiers C-RNTI, H-RNTI, and E-RNTI – are used in quite many places of the UMTS system ranging from RAN1 to RAN3. As a result, due to the complexity that companies have realized, it was suggested to drop this topic [2]. As mentioned in [2], it could be up to the network whether to send or not send a UE to CELL/URA_PCH with dedicated RNTIs; and if there is a critical number of UEs with dedicated RNTIs in  CELL/URA_PCH then a UE can be re-configured not to use dedicated RNTIs.

As was already mentioned in [3],  re-configuring a UE to use / not use dedicated RNTIs can be accomplished with a legacy procedure, but involves a number of messages exchanged between a UE and RNC, which in presence of a larger number of UEs can create quite a noticeable signalling load. As a result, in this discussion paper we elaborate on a few potential enhancements that can alleviate it through the paging channel.

2
General motivation

As already mentioned in the Introduction part, one of the main motivations to consider a topic of extending RNTI space was a few major assumptions that there will be a noticeable amount of devices (more than 65,536 per cell), which the network will keep in CELL_PCH/URA_PCH, and for which a seamless transition is preferred. Another motivation for looking into extended RNTI space was so-called URA wide RNTI, whereupon a UE in the URA_PCH state would keep dedicated RNTIs while moving across the whole URA area. 

If the majority of UEs in a particular cell has a very low activity and are intentionally kept in CELL_PCH/URA_PCH, then there is nothing that prevents the network from moving aforementioned UEs into  CELL_PCH/URA_PCH without dedicated RNTIs. In fact, this is a legacy mechanism that has to be supported by any UE and which the network can exploit. As an example, smart phones and related devices can have dedicated RNTIs, while other UEs will not. However, if the network cannot know a UE type and/or the traffic pattern varies a lot, then sending a UE with some periodic activity to CELL_PCH/URA_PCH without dedicated RNTI may be counter-productive because that UE will re-sort for exchanging CELL UPDATE / CONFIRM messages later. On the contrary, sending a UE with no activity but with dedicated RNTIs assigned may create another problem of RNTI shortage and, as a result, increased signalling to release those RNTIs.

In the subsequent section we present two optimizations to handle dedicated RNTI:

1. Release dedicated RNTI through paging. If a UE is in CELL/URA_PCH state with dedicated RNTIs, then there is a way to ask the UE to free those RNTIs without complex reconfiguration procedures.

2. Assignment of dedicated RNTI through paging.  If a UE is in CELL/URA_PCH state without dedicated RNTIs, then there is a way to wake up a UE and provide immediately dedicated RNTIs. 

3
Optimized RNTI handling

3.1
Release of dedicated RNTIs

If the network moves a UE to URA/CELL_PCH with assigned RNTIs, and then there is a way to ask a UE to “release” them through the re-configuration procedure as depicted in the Figure 1 below. This procedure is already allowed by the specification, but it has a problem that just to release dedicated RNTI values of one UE, the network and a UE have to exchange a number of messages (including the RLC level ACKs). The network has to page a UE, which is followed by the PHYSICAL CHANNEL RECONFIGURATION / COMPLETE messages.
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Figure 1: Release of dedicated RNTIs (legacy procedure) 
To optimize process of releasing stored dedicated RNTIs in the URA/CELL_PCH state, we suggest to have a special paging flag, upon reception of which a UE would release its dedicated RNTIs. This procedure is similar to an existing feature that allows to release RRC connection by means of paging; however, instead of sending a UE to IDLE we propose to consider an option of releasing just dedicated RNTIs.

To accomplish release of stored dedicated RNTIs, one could consider a few options illustrated in the Figure  2 below. The common part is that the network sends a paging message with the corresponding flag. In response to reception of the paging message with “release RNTIs” indication, a UE will send some confirmation message so that the network knows that a UE has received the paging request. It could be either MEASUREMENT REPORT sent over DCCH such that dedicated RNTIs are released only after RLC ACK. Another approach is that a UE releases dedicated RNTIs immediately, after which MEASURMENT REPORT or CELL UPDATE / CELL UPDATE CONFIRM are exchanged over CCCH.
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Figure 2: Optimized release of dedicated RNTIs
3.2
Assignment of dedicated RNTIs

In the opposite case, if a UE is in CELL/URA_PCH without dedicated RNTIs, then whenever the network has DL data for a UE, it has to page it, which is followed by CELL UPDATE / CONFIRM messages and UMI CONFIRM, as illustrated in Fig. 3. During that process the network can assign dedicated RNTIs, only after which data can be exchanged. As can be seen from Fig. 3, this is not a lightweight process involving a number of messages.
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Figure 3: Legacy paging of a UE without dedicated RNTIs
To optimize and speed up transition to CELL_FACH (and to reduce signalling), one can consider an optimization in which the RNC would include information on dedicated RNTIs right into the paging message. Once the UE receives the paging message, it can immediately initiate the MEASUREMENT REPORT procedure as if it had dedicated RNTIs assigned from the early beginning. This is illustrated in Fig. 4 below.
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Figure 4: Optimized assignment of dedicated RNTIs
4
Conclusion

In this discussion paper we have presented a few potential enhancements that can allow the network to handle dedicated RNTIs in a more efficient way. In particular, they will allow the network to ask a UE to release dedicated RNTIs (if a particular UE is in the inactive state for a long period of time), and will also allow to assign dedicated RNTIs through paging thus speeding up transition into CELL_FACH. 
Proposal: Consider an optimized procedure for releasing and assignment of dedicated RNTIs.
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