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1 Introduction

Handling of CELL_PCH and URA_PCH mobiles has only shortly been discussed and not really concluded in RAN2 or RAN3.

The pending issues related to PCH states that need to be concluded are counting, notification and (Iur) linking. 

Notification and counting have been discussed in [1] and [2]. Iur linking have earlier been discussed in [2] and [3].

This paper discusses options on handling CELL/URA_PCH UEs, which have been presented so far. The main focus is on URA_PCH since this is rather different compared to other RRC states.

2 Discussion of solutions

2.1 Counting

The counting for p-t-p to p-t-m decision is not straightforward for URA_PCH Ues. These UEs can move in between several cells without sending any indication to UTRAN that it has moved. The URA can also span over several RNCs so that it is not possible for UTRAN to know if a UE is in a cell of the SRNC or the DRNC. Different possible solutions for URA_PCH counting are:

C1. Assume URA_PCH UEs to be in all cells of the URA [1]

C2. Assume URA_PCH UEs to be in none of the cells of the URA [1]

C3. Assume 1 URA_PCH UE to be counted as a fraction in all cells in the URA (1/number of cells in the URA) [2]

C4. Move all URA_PCH UEs to states where they can be counted on cell level (CELL_PCH or CELL_FACH) [1]

C5. Move enough UEs to states where they can be counted on cell level in order to take the p-t-p to p-t-m decision [1]

Table 1 contains a summary of benefits/drawbacks of the different solutions.

	Solution
	Benefits
	Drawbacks

	C1
	Simple implementation in RNC
	The RNC assumes p-t-m in cells where p-t-p should have been used.

	C2
	Simple implementation in RNC
	The RNC assumes p-t-p in cells where p-t-m should have been used.

	C3
	Simple implementation in RNC
	Erroneous p-t-p to p-t-m decisions in cases where URA_PCH UEs are not uniformly distributed in URAs.

	C4
	Correct p-t-p to p-t-m decision

No need for dedicated paging to count URA_PCH UEs.
	Battery saving state URA_PCH not possible to use, impacting UEs negatively.

Special RNC implementation in DRNC.

High load on Uu at session start.

	C5
	Correct p-t-p to p-t-m decision

No need for dedicated paging to count URA_PCH UEs.

Controllable load on Uu to perform counting.
	Special RNC implementation in DRNC.

Battery saving state URA_PCH can not be used for some UEs.


Table 1: Comparison of mechanisms for URA_PCH counting

All of these solutions could be seen as RRM considerations of the RNC and the specifications should not mandate one or the other. However, the specifications should allow for at least some of them to be possible to implement. I.e. that it is possible to notify UEs in order to be able to do the counting accurately.

For CELL_PCH UEs there is no similar problem since the UE indicates when it moves to a different cell every time. The issue of counting and CELL_PCH UEs are therefore not discussed further in this paper.

2.2 Notification

At session start all UEs that have joined a certain MBMS service need to get notified. Solutions exist for most RRC states.

Idle mode – These UEs Perform Routing Area Update at RA change and the SGSN knows where the UE is on RA level. The SGSN sends session start to the right RNCs, which notifies the UEs using MICH/MCCH.

CELL_DCH – These UEs are under the control of the SRNC and will at session start receive dedicated paging messages on DCCH. Currently it is not assumed that a UE with only minimum MBMS capability is required to receive MCCH mapped on FACH while in CELL_DCH state.

CELL_FACH – These UEs does not perform RAU as idle mode UEs and should be notified using the MCCH. In order to do so the DRNC need to get information on joined services; this is done using the Iur linking procedure with an MBMS Attach Request from the SRNC to the DRNC.
For both CELL_PCH and URA_PCH UEs there is no firm decision on how to treat these. However, for CELL_PCH UEs it seems that the RAN3 working assumption is that also these UEs are linked on Iur similar as CELL_FACH UEs. This means that the DRNC creates a context for these UEs and know in which cell they are.

The main issue is how to treat these URA_PCH UEs in case of a potential Iur. Several proposals have been presented:

N1. Similar as Idle mode UEs [2]
There is no dedicated paging on Iur at session start, the UEs listen to MICH and MCCH to see in case a session is started.

N2. Similar as for CELL_DCH UEs with filtering in the DRNC [1]
UEs listen to MICH/MCCH and dedicated paging. There is dedicated paging on Iur at session start, DRNC filters out cells where there is no MCCH indication and sends Paging type 1 in these cells forcing the UE to send a cell update and get moved to another state. Alternatively a probability factor is included only forcing "enough" UEs to send a cell update.

N3. Similar as for CELL_FACH (and CELL_PCHs) UEs [2]
Iur linking is performed; there is no dedicated paging on Iur. UE listens to MCCH and the DRNC starts MCCH in cells where there could potentially be UEs. The DRNC could also choose to do dedicated paging on Uu in order to count UEs if this is seen as more efficient than using MCCH.

In both solutions N2 and N3 it is useful to introduce a new CELL/URA update cause value that is "response to MBMS notification/counting".

Table 2 contains a summary of benefits/drawbacks of the different solutions.

	Solution
	Benefits
	Drawbacks

	N1
	Simple implementation in RNC
	In case there are no other UEs with the DRNC acting as SRNC, notification could fail.

	N2
	Solves all DRNC scenarios.

No need to page all URA_PCH UEs on Uu.
	Need for some dedicated paging on Iur at session start

Special handling of X_PCH UEs with filtering in the RNC

Iur linking before session start (and MBMS registration request before session start) is not possible.

	N3
	Solves all DRNC scenarios.

No paging on Iur

Similar handling as for CELL_FACH UEs related to Iur linking

Iur linking before and after session start is possible.
	Context needed for all URA_PCH UEs in the DRNC.


Table 2: Comparison of mechanisms for CELL/URA_PCH notification

2.3 Iur Linking

In RAN3 the working assumption is that for CELL_PCH, CELL_FACH and CELL_DCH there is Iur linking performed. However, for URA_PCH there is no conclusion yet, pending URA_PCH to also be discussed in RAN2.

Also it is the working assumption in RAN3 that for all states (where Iur linking have been concluded) Iur linking is done before session start (early Iur linking) and not at session start (late Iur linking).

Given that only URA_PCH state is being discussed related to Iur linking it would seem beneficial to align the handling of URA_PCH mobiles with the handling of mobiles in other RRC connected mode states.

3 Conclusion
Which counting mechanism that is used is an implementation issue and RRM dependent. This means that several solutions should probably be allowed in the specifications. However, it is necessary to provide a complete solution where it is possible to do the accurate counting that is possible with solution C4 or C5.
For the Notification mechanism of CELL/URA_PCH UEs it is seen that treating them as idle mode UEs as in solution N1 is not satisfactory.

Also to have special handling of URA_PCH UEs as in solution N2 where UEs are moved to CELL_FACH/PCH states to get linked is causing both paging load on Iur and requires a special URA_PCH solution compared to CELL_PCH UEs.

It is therefore proposed that solution N3 is adopted. Here linking is done directly also for URA_PCH UEs and that these UEs then are notified by the DRNC with information received from the SRNC in the Iur linking.

This aligns the solutions for all connected mode states and also makes it possible to do both early and late Iur linking. 

This would require that CELL_PCH and URA_PCH mobiles listen to notification in a similar manner as idle mode UEs, and that it is the responsibility (based on Iur linking) of the DRNC to notify these UEs.
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