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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.” 

During RAN2#88 meeting it was discussed and agreed to study an option for the seamless URA_PCH to CELL_FACH transition including mobility. And after RAN2#89 meeting one particular option with so-called URA-wide identities was added into the technical report.

Already in R2-144412 we presented a very similar approach that also builds on top of the URA_PCH functionality but does not require URA-wide identities.  In this paper we present our technical analysis for both options when a UE in the extended URA_PCH state keeps and does not keep dedicated RNTI values upon cell reselection. The paper also contains text proposal for the option when a UE does not keep dedicated RNTIs. 

2
Further considerations on extended URA_PCH state

During the RAN2#88 meeting it was discussed whether the extended URA_PCH state could be implemented in such a way that a UE keeps dedicated RNTIs across cell re-selections thus allowing a UE to avoid the CELL UPDATE/CONFIRM phase once it has to send/receive data being a different cell. As we already expressed during RAN2#89 meeting in R2-150226,  it is possible to achieve but it comes at its own price. The Table 1 below presents a concise comparison of two approaches, with and without URA-wide identities, which are elaborated further after the table.

Table 1: Comparison of options with/without URA-wide identities.

	Aspect
	non URA-wide identities
	URA-wide identities

	Data transmission after cell reselection
	CELL UPDATE / CONFIRM over CCCH
	MEASUREMENT REPORT / RLC ACK over DCCH

	RNTI locking
	H-RNTI/E-RNTI is locked only in one particular cell till the next data transmission
	H-RNTI/E-RNTI is locked in all the cells under the same RNC

	Specification impact
	RAN2 only
	(RAN1) RAN2 and RAN3


1. Data transmission after cell reselection. As discussed a number of times in RAN2, URA-wide dedicated RNTIs would allow for a seamless data transmission to CELL_FACH. However, it should be noted that from the viewpoint of the number of messages exchanged between a UE and RNC, both options are the same. Either a UE will exchange CELL UPDATE / CONFIRM messages with the network over CCCH (no RLC ACKs), or a UE will exchange MEASUREMENT REPORT / RLC ACK messages over DCCH.  It should be noted that in both cases HS-DSCH/E-DCH are used thus having the same performance also at the physical layer. Furthermore, if there is incoming data to a UE in the DL direction, then the resulting delay would be the same: once the network sends the paging message, it will have to wait first for CELL UPDATE or MEASUREMENT REPORT, and then send either CELL UPDATE CONFIRM or RLC ACK before the actual data could be sent. The seamless transition to CELL_FACH provides a gain in delay only in the UL initiated transmission when a UE can send MEASUREMENT REPORT and do not wait for the RLC ACK (at least the specification does not mandate waiting for it).

2. RNTI locking. In the non-URA-wide case, a UE is assigned a particular pair of H/E-RNTI values, which are taken from a cell local pool of available RNTIs thus not impacting other cells. These values remain “locked” in one particular cell until a UE sends CELL UPDATE through a different cell, after which they will be remained to the available pool and new H/E-RNTI values will be assigned from a different cell's pool. In case of URA-wide identities, a particular H/E-RNTI values should be locked in across all the cells in under the same RNC thus effectively limiting a number of spare RNTIs. So, with the URA-wide identities the RNTI blocking probability is directly proportional to the number of cells under the same RNC, which becomes crucial as the URA-wide identities would be almost identically to the non-URA-wide option if it is limited to RNCs with only a few cells. It could be overcome only with extension of RNTI space as proposed in R2-150217, but it has quite noticeable specification impact. 

3. Specification impact. An option without URA-wide identities requires only RAN2 impact: a UE needs to know that it should keep dedicated RNTIs and the RNC will in turn reserve them internally until a reception of the CELL UPDATE message through a different cell. URA-wide option requires changes at least in RAN2 and potentially in RAN3.  If the RNTI space is extended as proposed in  R2-150217 then there will be quite noticeable impact in all the WGs including RAN1.

As a general summary, two major options – with and without URA-wide dedicated RNTIs – share the common trade-off. Either we can ensure the seamless transition to CELL_FACH after the cell reselection at the expense of availability of spare RNTI with the specification impact; or we can have a bit larger delay with the UL initiated transmission but do not face even a bigger issue of RNTI shortage.

3
Text proposal

<----------------------------------------------------- TP START ----------------------------------------------------------------->

5.2.4.3
Solutions

***** TEXT PARTIALLY OMITTED *****

In one solution, when UE a is reconfigured to the URA_PCH state, it could be assigned dedicated RNTIs values similar to the legacy CELL_PCH state. Whenever a UE needs to send data after it has re-selected to another cell, a UE should clear its dedicated RNTI values and go through the CELL UPDATE procedure. However, if a UE stays in the same cell, it can seamlessly transition to CELL_FACH. These two options are presented in Figure 5.2.4.3-x below.
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Figure 5.2.4.3-x: UL data arrival to the UE buffer upon reselecting to a different cell (left hand side) and  staying in the same cell (right hand side)

Furthermore, it is worth noting that the URA_PCH enhancement explained above also helps when there is a DL data coming to the RNC. In Fig. 2 below, on the left hand side, one can see a set of actions for the legacy URA_PCH case. Whenever some DL data arrives, RNC has to page cells to wake up a UE, after which the latter initiates the CELL UPDATE procedure. If a UE is sent to the URA_PCH state and is asked to keep dedicated RNTI values (as depicted on the right hand side), then it can perform a seamless transition to CELL_FACH upon a reception of a paging indication from the network, assuming that a UE stays in the same cell. Otherwise, if it moves to a different cell, the CELL UPDATE procedure will be triggered.    
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Figure 5.2.4.3-x: DL data arrival to the RNC buffer when a UE has reselected to a different cell (left hand side) and upon staying in the same cell (right hand side)
When a UE crosses the URA area, it will send the URA UPDATE message as per current legacy behaviour. In response, the network can send the URA UPDATE CONFIRM with an indication to continue and stay in the URA_PCH state. In addition, the network can also provide new dedicated RNTI values. After that, the UE would continue with the behaviour explained above.
5.2.4.4
Conclusions

Table 1: Comparison of options with/without URA-wide identities.
	Aspect
	non URA-wide identities
	URA-wide identities

	Data transmission after cell reselection
	CELL UPDATE / CONFIRM over CCCH
	MEASUREMENT REPORT / RLC ACK over DCCH

	RNTI locking
	H-RNTI/E-RNTI is locked only in one particular cell till the next data transmission
	H-RNTI/E-RNTI is locked in all the cells under the same RNC

	Specification impact
	RAN2 only
	(RAN1) RAN2 and RAN3


1. Data transmission after cell reselection. As discussed a number of times in RAN2, URA-wide dedicated RNTIs would allow for a seamless data transmission to CELL_FACH. However, it should be noted that from the viewpoint of the number of messages exchanged between a UE and RNC, both options are the same. Either a UE will exchange CELL UPDATE / CONFIRM messages with the network over CCCH (no RLC ACKs), or a UE will exchange MEASUREMENT REPORT / RLC ACK messages over DCCH.  It should be noted that in both cases HS-DSCH/E-DCH are used thus having the same performance also at the physical layer. Furthermore, if there is incoming data to a UE in the DL direction, then the resulting delay would be the same: once the network sends the paging message, it will have to wait first for CELL UPDATE or MEASUREMENT REPORT, and then send either CELL UPDATE CONFIRM or RLC ACK before the actual data could be sent. The seamless transition to CELL_FACH provides a gain in delay only in the UL initiated transmission when a UE can send MEASUREMENT REPORT and do not wait for the RLC ACK (at least the specification does not mandate waiting for it).

2. RNTI locking. In the non-URA-wide case, a UE is assigned a particular pair of H/E-RNTI values, which are taken from a cell local pool of available RNTIs thus not impacting other cells. These values remain “locked” in one particular cell until a UE sends CELL UPDATE through a different cell, after which they will be remained to the available pool and new H/E-RNTI values will be assigned from a different cell's pool. In case of URA-wide identities, a particular H/E-RNTI values should be locked in across all the cells in under the same RNC thus effectively limiting a number of spare RNTIs. So, with the URA-wide identities the RNTI blocking probability is directly proportional to the number of cells under the same RNC, which becomes crucial as the URA-wide identities would be almost identically to the non-URA-wide option if it is limited to RNCs with only a few cells. It could be overcome only with extension of RNTI space as proposed in R2-150217, but it has quite noticeable specification impact. 

3. Specification impact. An option without URA-wide identities requires only RAN2 impact: a UE needs to know that it should keep dedicated RNTIs and the RNC will in turn reserve them internally until a reception of the CELL UPDATE message through a different cell. URA-wide option requires changes at least in RAN2 and potentially in RAN3.  If the RNTI space is extended as proposed in  R2-150217 then there will be quite noticeable impact in all the WGs including RAN1.

As a general summary, two major options – with and without URA-wide dedicated RNTIs – share the common trade-off. Either we can ensure the seamless transition to CELL_FACH after the cell reselection at the expense of availability of spare RNTI with the specification impact; or we can have a bit larger delay with the UL initiated transmission but do not face even a bigger issue of RNTI shortage.
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