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Individual Priority Information: Signalling and storage limits
1. Introduction

Although individual priority (or "dedicated" priorities in UTRAN/E-UTRAN) information is inherently applicable across radio access technologies, there are significant discrepancies in the way in which this information is signalled and (in the case of UTRAN) stored among the various RAT-specific specifications.

This may lead to problems in implementation and/or inconsistent and/or unexpected UE/MS behaviour.
2. Analysis

The following table indicates the signalling messages and formats used for the transmission of dedicated priorities in different RATs.

	
	Current RAT

	
	E-UTRAN 
	UTRAN 
	GSM 

	Message(s) used for individual priorities
	RRC Connection Release 
	UTRAN MOBILITY INFO 
	Channel Release, Packet Measurement Order, Packet Cell Change Order 

	Limit on GSM priorities 
	up to 16 x 
< PRIORITY, ARFCN0, BAND_IND, 
one of 


{ up to 32 x ARFCN } or 


{ N_ARFCN (max 32) , DELTA_ARFCN } or 


{ up to 129 of the ARFCNs in range ARFCN0,...,ARFCN0+128 inclusive } 

>
	N_GSM x 
< PRIORITY, ARFCN0, BAND_IND, 
one of 


{ up to 32 x ARFCN } or 


{ N_ARFCN (max 32) , DELTA_ARFCN } or

 
{ up to 129 of the ARFCNs in range ARFCN0,...,ARFCN0+128 inclusive } or

{ up to 1024 ARFCNs starting at ARFCN0 and ending at endingARFCN, and wrapping from 1023 to 0 if necessary}

 > 
	Single priority applicable to all GSM frequencies 

	Limit on UTRAN priorities 
	up to 16 x < PRIORITY, UARFCN > for FDD, plus 


up to 16 x < PRIORITY, UARFCN > for TDD 
	N_UTRAN_FDD x <PRIORITY, up to 8 x UARFCN >  plus 


N_UTRAN_TDD x <PRIORITY, up to 8 x UARFCN > 
	Unlimited frequencies with arbitrary priorities 

	Limit on E-UTRAN priorities 
	up to 8 x < PRIORITY, EARFCN > 
	N_EUTRAN x <PRIORITY, up to 8 x EARFCN > 
	Unlimited frequencies with arbitrary priorities 

	Overall limit 
	n/a 
	N_GSM + N_UTRAN_TDD + N_UTRAN_FDD + N_EUTRAN <= 8 
	n/a 


The following table indicates the capacity of the (normative) storage variable PRIORITY_INFO_LIST defined in the UTRAN specifications which is used to store individual priority information when received in UTRAN or when inherited from another RAT:

	Structure used for dedicated priority storage: 
	PRIORITY_INFO_LIST 

	Limit on GSM priorities 
	N_GSM x <PRIORITY, up to 32 x <ARFCN,BAND_IND> > 



	Limit on UTRAN priorities 
	N_UTRAN_FDD x <PRIORITY, up to 8 x UARFCN > + 
N_UTRAN_TDD x <PRIORITY, up to 8 x UARFCN > 

	Limit on E-UTRAN priorities 
	N_EUTRAN x <PRIORITY, up to 8 x EARFCN > 

	Overall limit 
	N_GSM + N_UTRAN_TDD + N_UTRAN_FDD + N_EUTRAN <= 11 


The following observations can be made:

1. GSM signalling allows for an arbitrary (infinite) amount of UTRAN and E-UTRAN priority information to be transmitted.
2. The specifications implicitly require the UE / MS to handle arbitrary amounts of priority information, regardless of the RAT in which it was received and regardless of the current (serving) RAT.  Combined with point 1 above, this will place an unreasonable burden on implementations.  In particular, it is not clear how a UE/MS should behave when performing inter-RAT reselection, if the current stored dedicated priorities could not have been signalled in the new RAT.

3. The PRIORITY_INFO_LIST structure does not align with the UTRAN signalling – for example, GSM frequencies signalled in the UTRAN MOBILITY INFO message may not fit within the PRIORITY_INFO_LIST (the theoretical maximum number of GSM frequencies in PRIORITY_INFO_LIST is 11 x 32 = 352 frequencies), nor does it align with signalling in E-UTRAN or GSM.
4. The PRIORITY_INFO_LIST structure does not accommodate the "one frequency for all GSM frequencies" option.

Since dedicated priorities are intended to be stored and used in different RATs, it is expected that networks would signal the same dedicated priorities to a given MS/UE, independent of its serving RAT. For example, it is unlikely that an operator would signal 9 E-UTRAN EARFCNs in the GSM Channel Release message, considering that it could not possibly signal this to a UE in E-UTRAN.

As such, the existing specifications place unreasonable requirements on mobile implementation which are unlikely to have any relevance in real-life deployments.
3. Proposal

Therefore it seems reasonable to define 


i) minimum limits on the amount of priority information that the UE / MS shall be capable of storing and using (independent of serving RAT, RAT in which the information was received, etc.), and


ii) permitted behaviour applicable when the network signalling exceeds these limits.

Such modifications would have no backwards-compatibility impact, since it is not proposed to modify the signalling.

Unfortunately, due to the diversity of signalling formats, it is not possible to derive a clear set of 'lowest-common-denominator' limits, however, the following is proposed as a compromise.
	
	Proposed limit for storage 

	Limit on GSM priorities 
	up to 3 x < PRIORITY, ARFCN0, BAND_IND, 
one of 
< up to 32 x A  RFCN > or 
< N_ARFCN (max 32) , DELTA_ARFCN > or 
< up to 129 of the ARFCNs in range ARFCN0,...,ARFCN0+128 inclusive > or < up to 1024 ARFCNs starting at ARFCN0 and ending at endingARFCN, and wrapping from 1023 to 0 if necessary > > 
  
or 
  
Single priority applicable to all GSM frequencies 

	Limit on UTRAN priorities 
	up to 16 x < PRIORITY, UARFCN > for FDD, plus 
up to 16 x < PRIORITY, UARFCN > for TDD 

	Limit on E-UTRAN priorities 
	up to 8 x < PRIORITY, EARFCN > 

	Overall limit 
	No additional limit 


The following table indicates correspondance between the existing limits and the proposed limits (red) and the implications (i.e. additional restrictions above and beyond existing signalling limitations) resulting from the harmonized limits (blue):

	
	Current RAT:(i.e. RAT where priorities are signalled)

	
	E-UTRAN 
	UTRAN 
	GSM 

	Limit on GSM priorities 
	up to 16 x 
< PRIORITY, ARFCN0, BAND_IND, 
one of 
< up to 32 x ARFCN > or 
< N_ARFCN (max 32) , DELTA_ARFCN > or 
< up to 129 of the ARFCNs in range ARFCN0,...,ARFCN0+128 inclusive > > 

Up to 3 repetitions permitted instead of 16 
	N_GSM x 
< PRIORITY, ARFCN0, BAND_IND,
one of 
< up to 32 x ARFCN > or 
< N_ARFCN (max 32) , DELTA_ARFCN > or 
< up to 129 of the ARFCNs in range ARFCN0,...,ARFCN0+128 inclusive > or 
< up to 1024 ARFCNs starting at ARFCN0 and ending at endingARFCN, and wrapping from 1023 to 0 if necessary> > 
 
N_GSM <= 3

 
	Single priority applicable to all GSM frequencies 

No additional constraints 

	Limit on UTRAN priorities 
	up to 16 x < PRIORITY, UARFCN > for FDD, plus 
up to 16 x < PRIORITY, UARFCN > for TDD 
	N_UTRAN_FDD x <PRIORITY, up to 8 x UARFCN > + 
N_UTRAN_TDD x <PRIORITY, up to 8 x UARFCN > 

sum(count(UARFCN, FDD)) <= 16 
  
sum(count(UARFCN, TDD)) <= 16
  
(no additional constraints on N_UTRAN_FDD, N_UTRAN_TDD: already exist in overall limit) 
	Unlimited frequencies with arbitrary priorities 

Limit of 16 TDD + 16 FDD frequencies; no constraints on priorities 

	Limit on E-UTRAN priorities 
	up to 8 x < PRIORITY, EARFCN > 
	N_EUTRAN x <PRIORITY, up to 8 x EARFCN > 

sum(count(EARFCN)) <= 8 
  
(no additional constraint on N_EUTRAN: already exists in overall limit) 
	Unlimited frequencies with arbitrary priorities 

Limit of 8 frequencies; no constraints on priorities 

	Overall limit 
	n/a 
	N_GSM + N_UTRAN_TDD + N_UTRAN_FDD + N_EUTRAN <= 11 
	n/a 


As can be seen from the table, the additional constraints compared to the existing signalling are not significant.

4. Conclusion

In order to avoid unbounded requirements on MS implementations, and conflicts between the various formats used for signalling individual priorities, it is proposes to specify harmonized requirements across 3GPP for the amount of individual priority information which the MS is required to handle.  
No change is proposed to any signalling.

CRs to implement the necessary changes are provided. It is intended that agreement be reached in respect of all RATs, therefore corresponding contributions are planned for the upcoming RAN2 meetings.
