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Transmission of Dedicated Priorities in GERAN
1. Introduction

At GERAN#40, some working assumptions were agreed (see GP-081871) on the use of dedicated priorities in GERAN; however, little progress has been made on how to transmit these dedicated priorities over the air interface.

One possibility has been suggested to signal these in Channel Release messages (GP-081799).

This paper evaluates some mechanisms for transmitting dedicated priorities in the Channel Release message and other dedicated signalling. It is suggested that with regards to at least the Channel Release message, no additional radio blocks should be required (meaning that the additional information required for dedicated priority signalling should fit within the available space)
, considering in particular the load on SDCCHs during RAUs etc.
2. Behaviour when no dedicated priorities specified 
For UMTS, the following behaviour is specified:


- if, for a given RAT, no dedicated priority information is provided, then the legacy reselection procedure shall be used for all frequencies for that RAT


- if, for a given RAT, dedicated priority information is provided for one or more frequencies, then cells on frequencies for which no dedicated priority information is provided are not considered reselection candidates

Within the broadcast information, it is not possible to list E-UTRAN neighbour cells without absolute priority information (i.e. default priority level and high/low thresholds).  However, for UMTS cells, it is optional to signal absolute priority information. This may be a valid scenario in case dedicated priorities for UMTS-GERAN interworking have not been assigned. 

This means that in two scenarios, it could be required for the legacy reselection algorithm to apply towards UMTS, and the priority-based algorithm to apply towards E-UTRAN, at the same time:

- where dedicated priorities are assigned for E-UTRAN but not UMTS (and where E-UTRAN absolute priority information is broadcast in the current cell to provide thresholds)


- where dedicated priorities are assigned for E-UTRAN and UMTS, but where only E-UTRAN (no UTRAN) absolute priority information is broadcast in the current cell

Proposal 1: It is proposed to align with the UMTS rules stated above.

Note that it is not clear what the rules should be in respect of future RATs, though presumably only the priority-based algorithm will be specified. In particular it is not clear how a mobile supporting such a future RAT should perform reselection from a cell in which neighbour cells belonging to the future RAT are listed in the neighbour cell list, but where no dedicated priorities were received for that RAT, because the original cell which transmitted the dedicated priorities did not support the future RAT.
3. RAN2 solution for E-UTRAN.
In E-UTRAN, dedicated priorities are signalled in the idleModeMobilityControlInfo structure (see 3GPP TS 36.331).  The contents are summarized below.

	RAT
	Identifier
	Bits per identifier
	Total bits required (inc. priority)

	E-UTRAN
	EARFCN
	16
	19

	UTRAN FDD / TDD
	UARFCN
	14
	17

	CDMA2000 ("hrpd", "1xrtt")
	CDMA2000 Bandclass
	5
	8

	GERAN
	ARFCN + Bandindicator
	10 + 1*
	1 + (14 x freq)


* Coding of multiple GERAN frequencies is done either explicitly or by assuming equal spacing (spacing could be 1 to indicate a contiguous range of ARFCN values).

In addition, a timer (T320) may be signalled (requiring 3 bits) to indicate that the priorities are valid for a time-limited period.  

4. Direct translation to CSN.1
Considering CSN.1 coding, an approximate translation of the E-UTRAN signalling could be used (requiring in addition 2 bits to identify the RAT type) as follows:

{ 1 < Dedicated Priority Struct > } ** 0


{ 0 | 1 < T320 : bit (3) > }


<Dedicated Priority Struct> ::=



{ 00 

-- E-UTRAN




< Frequency : bit (16) >




< Priority : bit (3) >



| 01

-- UTRAN




< FDD_TDD : bit (1) >   -- 1 if FDD, 0 if TDD




< Frequency : bit (14) >




< Priority : bit (3) >



| 10 

-- CDMA2000




< HRPD_1XRTT : bit (1) >  -- 1 if HRPD, 0 if 1xRTT




< Bandclass : bit (5) >




< Priority : bit (3) >



| 11

-- GSM




{ 1 < ARFCN : bit (10) > } ** 0 
-- if frequencies omitted, priority applies to all GSM frequencies



< Priority : bit (3) >



};

It should be noted that an additional bit is required to ensure a future-proof solution i.e. to allow new RATs to be added.

Considering a fairly conservative scenario, with 2 E-UTRAN frequencies, and 2 UTRAN frequencies and no T320 value, this would require:


E-UTRAN f1: RAT identifier (2 bits) + Frequency (16) + Priority (3)

E-UTRAN f2: RAT identifier (2 bits) + Frequency (16) + Priority (3)


UTRAN f1: RAT identifier (2 bits) + Frequency (14) + FDD_TDD (1) + Priority (3)


UTRAN f2: RAT identifier (2 bits) + Frequency (14) + FDD_TDD (1) + Priority (3)

making a total of 84 bits, not including any GERAN signalling.  Adding 2 octets (for TLV formatting) makes a total of 13 octets. The maximum space available in the Channel Release message (see 44.018 , sub-clause 9.1.7) is 19 octets.
5. Signalling GSM priorities 
In GP-081871 it was agreed that signalling of priorities for GERAN would align with RAN2 provided the signalling was not excessive.

It should be noted that only the dedicated priority of the current (serving) GSM cell is essential, since intra-GSM reselection does not use the priority-based algorithm. 

It seems unlikely that relative priority of GSM would change within the LA and it is therefore proposed that at a minimum, the signalled priority for the serving cell would apply to all GSM cells within the current LA. A further option would be to signal that the indicated priority applies to any GSM cell that the mobile camps in within the PLMN (noting that dedicated priorities are deleted on PLMN reselection).

Furthermore, it seems unlikely that a mobile station would move from GSM to another RAT without performing some mobility management procedure, allowing it to obtain dedicated priorities listing all potential GSM target cells.  (The ISR feature removes in some cases the requirement for a RAU when moving from S1 mode to A/Gb mode, but not in the opposite direction).

Finally, it is clear that signalling priorities for different GSM BCCH frequencies could easily prevent the Channel Release message from fitting into one message, even using compression – consider that the existing Frequency Short List (used only in specific VGCS scenarios where message length is critical) is 10 octets long. 
Proposal 2: It is proposed that it is not necessary to allow per-GSM frequency dedicated priorities to be signalled in the Channel Release message.

6. Compression of signalling priorities for non-GSM RATs
In order to ensure that the Channel Release message does not require more than 1 radio block, this section proposes 3 approaches to reduce the amount of signalling required to signal dedicated priorities for non-GSM cells.
These approaches could also be used in other dedicated (point-to-point) signalling (e.g. Measurement Order) in order to reduce the amount of air interface signalling required.

These proposals are not mutually exclusive, nor would they preclude explicit indication of the priority of one or more frequency layers (such explicit indication having precedence over any priority obtained by means of mapping/indexing rules).

6.1. Include an 'all frequencies of RAT-type' option

In scenarios where only a single frequency is used for a given RAT type, or where it is sufficient to signal priorities on a per-RAT basis, this could save significant amount of space by avoiding the need to identify frequencies.

6.2. Use references to frequency indices in BCCH neighbour cell information.

For the purposes of reducing the size of measurement reports, E-UTRAN and UTRAN frequencies are assigned a frequency index in the BCCH neighbour cell information of 3 bits and 5 bits respectively.  These could be used in place of explicit frequency signalling to reduce the size of the dedicated priority signalling.

This would reduce the above signalling as follows:


E-UTRAN f1: RAT identifier (2 bits) + Frequency Index (3) + Priority (3)


E-UTRAN f2: RAT identifier (2 bits) + Frequency Index (3) + Priority (3)


UTRAN f1: RAT identifier (2 bits) + Frequency Index (5) + Priority (3)


UTRAN f2: RAT identifier (2 bits) + Frequency Index (5) + Priority (3)

The resulting coding is 36 bits (compared with 82 bits using explicit signalling). 

However, considering a mobile moving from one cell to another, it is not clear how a mobile should treat frequencies which appear in the new NCL but which were not in the NCL in the initial cell.  One option could be that the priority of the numerically closest frequency value on the same RAT could apply; however, it is then not clear how an operator could prevent a mobile from considering one frequency of a particular RAT for reselection, while precluding reselection towards another frequency on the same RAT.

6.3. Use references to priorities in BCCH neighbour cell information

In broadcast neighbour cell information, each frequency is assigned a priority.  Therefore, further compression could be acheived by identifying a frequency/RAT by its broadcast priority.

This would reduce the above signalling as follows:


E-UTRAN f1: Broadcast priority (3) + Dedicated Priority (3)


E-UTRAN f2: Broadcast priority (3) + Dedicated Priority (3)


UTRAN f1: Broadcast priority (3) + Dedicated Priority (3)


UTRAN f2: Broadcast priority (3) + Dedicated Priority (3)

The resulting coding is 24 bits (compared with 82 bits using explicit signalling).  This approach also has the benefit of being future-proof, since no changes would be required to cope with the addition of future RATs (these would need to be added to the broadcast signalling, but not to the dedicated priority signalling).
Since it is likely that the broadcast priorities will be set in a consistent manner over a large geographic area (in fact, it is likely to be essential to avoid ping-ponging), this approach work easily as the mobile moves from cell to cell:  the mapping between broadcast priority and dedicated priority is stored by the mobile and is applied in any cell it moves to.  This does not preclude the approach of not listing a particular (broadcast) priority level to indicate that reselection towards cells with that (broadcast) level shall not be considered as candidates for reselection.
It may be that the mapping table sent in the initial cell refers to broadcast priority levels which are not used in the initial cell.

Because of the rules specified in section 2, a very small amount of additional signalling is required to indicate that dedicated priorities applies to a (legacy) RAT, even though no cell/frequencies belonging to that RAT are listed in the NCL of the initial cell.
To clarify by way of example: In the initial cell, there are no UMTS neighbour cells listed (and hence no broadcast priorities);  however, in nearby cells, UMTS cells on frequency f2 are listed in the NCLs.

The intention of the operator is that the mapping is applied to UMTS cells, but that cells on f2 not be considered for reselection. On entering a cell where the NCL includes UMTS cells only on f2 (and with a broadcast priority that was not listed in the original mapping sent to the mobile), it needs to be clear to the mobile that dedicated priorities do apply to UMTS cells, and that the lack of dedicated priority for f2 indicates that this frequency shall not be considered for reselection, and not that the legacy reselection rules shall be applied.

This can be acheived with a simple bitmap sent together with the dedicated priorities, with one bit for each legacy RAT, as follows:

.

	0
	Dedicated priorities are not provided for this RAT; legacy reselection rules apply to all frequencies

	1
	Dedicated priorities are provided for this RAT; the absence of a corresponding mapping for a particular frequency indicates that the frequency is not to be considered for reselection
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6.4. Conclusion

Because it is not clear how the approach can work when the mobile moves from one cell to another, it is proposed not to consider further the use of frequency indices as a reference.  
Proposal 3: Signalling that a dedicated priority applies to all cells in a RAT, and providing a signalling for mapping dedicated to broadcast priorities should be provided as a way of minimizing the amount of data to be transmitted in the Channel Release message
7. Use of dedicated priorities in packet transfer mode

It was agreed in GP-081871 that dedicated priorities received in idle mode (e.g. in Channel Release message) would apply also in packet transfer mode for autonomous reselection, unless replaced by signalling in e.g. the Packet Measurement Order message.

It should be considered however whether dedicated priorities sent in a PMO should have the same status as those received on the transition to idle mode; in particular, whether they should remain valid once the mobile station leaves packet transfer mode.  In particular, the scenario whereby the PMO is used to indicate priorities which are specifically relevent to packet transfer mode (but not idle mode) should be considered.

The following options could be considered:

i) that these priorities apply only in packet transfer mode, and that when returning to idle mode, the broadcast priorities should apply, or

ii) that these priorities apply only in GMM_READY state, and that when the GMM timer expires, the broadcast priorities should apply, or

iii) that these priorities apply only in packet transfer mode, and that when returning to idle mode, the most recent priorities which were received in either a Channel Release, in a PMO (but were indicated as being valid in idle mode) or in another RAT shall apply (if no such priorities are stored, then the broadcast priorities shall apply), or

iv) that these priorities are valid in both packet transfer mode and idle mode.

Proposal 4: The validity of dedicated priorities sent in packet transfer mode shall be signalled.

Note: it may be not necessary to allow all of the options above to be signalled.  

Note: Similar signalling may be considered for the Channel Release message (i.e. whether, when entering packet transfer mode, the same dedicated priorities should continue to apply).

8. Conclusion

Four proposals are made in this paper as follows:

Proposal 1: It is proposed to align with the UMTS rules stated above (regarding behaviour when no dedicated priorities are signalled for legacy RATs)

Proposal 2: It is proposed that it is not necessary to allow per-GSM frequency dedicated priorities to be signalled in the Channel Release message.
Proposal 3: Signalling that a dedicated priority applies to all cells in a RAT, and providing a signalling for mapping dedicated to broadcast priorities should be provided as a way of minimizing the amount of data to be transmitted in the Channel Release message.

Proposal 4: The validity of dedicated priorities sent in packet transfer mode shall be signalled.

It is for further study whether the direct translation to CSN.1 of the E-UTRAN coding (see section 4) needs to be specified.

Open issues identified are as follows:


1. Default behaviour considering future RAT cells for which no dedicated priority has been received.


2. Signalling of SPID from core network to BSS in case of packet transfer mode.



















� It is assumed here that VGCS is not in use, since the Channel Release message can easily require more than 1 radio block in case VGCS-related signalling is included
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