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1 Introduction 
It has been proposed that to support large RNCs where there is a limitation of 2^20 UEs from the size of the S-RNTI, that the S-RNTI be extended to support this. This extension may be needed to handle large numbers of 3G MTC devices in the future, and larger RNCs.  This paper considers some of the issues involved, and examines some proposed solutions.
2 Discussion

The U-RNTI of 32 bits is divided thus:


When a large number of small RNCs were considered (HSPA+ cells), then extended RNC-ID was added, this took bits from the S-RNTI reducing this to 16bits thus:


Whilst this limited the S-RNTIs available to a RNC to 65k, as the RNCs were smaller this was acceptable, and allowed the addressing of 65k RNCs (per PLMN).
Also related is the cell identity, containing the cell id and the RNC-ID


Or for extended RNC-ID

Rules are applied to handle extended RNC–ID in relation to the addressing of RNCs in TR 25.999 [5]. 

Solution 1 Proposal to Extend S-RNTI and reduce RNC-ID

In the proposal in [1] the S-RNTI was to be extended by 2 bits and the RNC-ID reduced by 2 bits. This gives an increased number of UE supported to 2^22, but a reduced number of RNC-IDs available at just 1024. (2^10). 
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Although this approach increases by 4 the number of SRNTIs available it is at the cost of some impact on the UEs and new rules needed to handle addressing large RNCs –with 10bit RNC-IDs. It is also incompatible with extended RNC-ID.  The co-existence of extended RNC-ID, normal RNC-ID and extended S-RNTI in one network may not be possible or the rules would become exceedingly complex. 
In [2], RAN3 requested RAN2 to identify whether there is any other impact on the UE and RRC interface and whether the S-RNTI IE in 25.331 ASN.1 is impacted.

Reallocation of U-RNTI to allow more S-RNTI

Initially we look at the current restrictions in the standards.
In TS25.331 Section 8.1.1.6.5 (System Information Block type 5 and 5bis), UE checks the 12bits of RNC-ID for performing URA update. Therefore the UE is using the 12bits of the RNC-Id in the U_RNTI to check for change in RNC and perform URA update. 
2> if the UE is in CELL_PCH or URA_PCH state:

3> for FDD and for 1.28 Mcps TDD, if the UE supports HS-DSCH reception in CELL_PCH and URA_PCH state; and

3> if IE "HS-DSCH paging system information" is included:

4> if this IE is not currently stored; and

4> if the value of the IE "SRNC identity" in the variable U_RNTI is not equal to the 12 MSBs of the received IE "Cell identity" in System Information Block type 3; and

4> if the UE is in URA_PCH state:

5> initiate the URA update procedure as specified in subclause 8.3.1, using the cause "periodic URA update".

If the interpretation of the Cell Identity changes, so 10 MSB need to match the RNC-ID in U-RNTI then a legacy UE would still check 12bits. Support of legacy UEs would require that the large RNC assigns only S-RNTIs in the 20bit range, to maintain the 2LSBs of RNC-ID as zero to avoid confusion when performing URA update.

So whilst the legacy UEs cannot use the increased S-RNTI range proposed in [1], perhaps in order to realize a larger S-RNTI pool, the reallocation of bits solution could be made to work for rel-11 UEs supporting the functionality. A possible way to envisage being able to do this, is that the usage of RNC-Id of 10bits is indicated (broadcast) by the Network, and the Rel-11 UEs indicate that they support the 22bit S-RNTI. Then the network can assign those UEs an S-RNTI using the extra 2bits.

Solution 2 Pooled RNCs
In this solution a large RNC consists of 4 (or 2) RNCs each with a 12 bit RNC-ID. This could be considered a version of Solution 1, but here legacy UEs are supported, as the large RNC is handled as a single RNC where the 2 LSBs of the RNC-ID are zero.
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On the RAN side only the 10 MSBs are used for routing/addressing RNCs. Signalling would indicate which RNC-IDs referred to large RNCs, in a similar way to the handling of extended RNC-IDs. CN routing and RNC routing would need updating to ensure that the mobility to the correct RNC occurs based on 10 bit RNC-ID. This has perhaps more impact on the network than solution 1 but no impact on the UE, and the large RNC would support the extended number of UEs, as it acts like 4 RNCs. 
Solution 3 Extended S-RNTI

Another possible way to increase the S-RNTI space is to have a new Extended S-RNTI IE, for example:

	Information Element/Group name
	Need
	Multi
	Type and reference
	Semantics description
	Version

	Extended S-RNTI
	MP
	
	bit string(4)
	Adds 4 bits to S-RNTI as the most significant four bits.

	REL-11


For Rel-11 UEs, U-RNTI will be calculated as follows: 

SRNC Identity (12 bits) & Extended S-RNTI (4 bits) & S-RNTI (20 Bits)
For pre-Rel-11 UEs, U-RNTI will be calculated as before: 

SRNC Identity (12 bits) & S-RNTI (20 Bits)
This increases in the range of possible S-RNTI values from 2^20 (~1M) to 2^24 (~16M).

All UEs that are Rel-11 would get a non-zero Extended S-RNTI value and therefore only the pre-Rel-11 UEs use the existing S-RNTI range. Whilst this is a backward compatible solution, it doesn't increase the number of RRC-connected UEs for pre-Rel-11 UEs. 

It should also be noted that an Extended S-RNTI would impact a lot of RRC messages from Network and from UE. 

This solution could co-exist with extended RNC-ID allowing large numbers of RNCs and UEs to be supported.

Common aspects

If this functionality is to be an optional UE capability it would need to indicate in RRC connection request that it supports the feature in order for the RNC to determine whether to use the extra S-RNTI space.
In [4] when Extending the RNC-Id a set of rules were defined for it’s usage. We suggest that for both methods rules would need to be defined for change of the S-RNTI size, for example

· Not configure the Iur interface connection between legacy RNC and upgraded RNC using the extended S-RNTI.
Comparison of solutions
	Solution
	Current position
	Using 2bits from RNC-ID to increase S-RNTI
	Pooled RNCs
	Extending S-SRNTI (new IE)

	ASN.1 impact
	-
	Small* RRC and RANAP
	Small RANAP
	Large RRC, small RANAP

	Legacy UE
	Existing range of 20bits
	Existing range of 20bits
	Existing range of 20bits
	Existing range of 20bits

	Supported RNCs
	4096
	1024
	1024
	4096

	Max number of Rel-11 UEs in RNS
	1 048 576
	4 194 304
	4 194 304
	16 777 216

	Max number of legacy UEs in RNC
	1 048 576
	1 048 576
	4 194 304
	1 048 576

	Network Rules
	-
	More needed
	More needed
	No new rules

	Changes impact
	-
	UE, RNS
	RNS
	UE, RNS


* This is assuming that UE indicates and Network broadcasts that it supports the reallocation of bits in the U-RNTI
3
Conclusion

The first 2 solutions which involve extending the S-RNTI at the expense of reducing the RNC-ID could provide some limited opportunity to deal with short term problem of S-RNTI limit, but for a long term solution which will support significantly larger numbers of UEs,  then an extension to the S-RNTI as in Solution 3 will be needed.
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4 Conclusion
It is proposed that t
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