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This contribution is intended to contribute to the discussion on the 2 alternatives on pool-area identification as described in chapter 4.5 of 23.xyz v.010 “Intra Domain Connection of RAN nodes to multiple CN Nodes”. It provides additional information to the alternatives and examples on pool-area identification of 23.xzy. 

Introduction:

For the support of Iu-Flexibility 3GPP TS-23.xyz specifies the use of a Network resource identifier (NRI) to identify the serving CN element within a pool-area. The NRI has a configurable length of 0 to 10 bit and is provided to the UE as part of the TMSI or P-TMSI. The UE sends the NRI value to the RNC in the routing parameter part of the Intra-Domain NAS node selector (IDNNS) with every request for signalling connection establishment as specified in TS 25.331.

The structure of the TMSI/P-TMSI is defined in 3GPP TS 23.003 chapter 2.4. In 3GPP TS 25.331 v3.6.0 (“RRC Protocol”) the coding of the Intra-Domain NAS node selector is defined. There it is specified in chapter 10.3.1.6 that the routing parameter is taken from bits 14 to 23 of the TMSI/P-TMSI. From these sources the structure of TMSI/P-TMSI can be derived as it is shown in Figure 1 below.
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Figure 1: structure of the TMSI as defined in 23.003 chapter 2.4 and 25.331 chapter 10.3.1.6

A consequence of this TMSI/P-TMSI structuring is that the number of available TMSI/P-TMSI values per NRI decreases significantly. The following table shows some example configurations:

	Length of NRI
	# CN elements per pool
	#TMSI/P-TMSI values per NRI value
	#TMSI/P-TMSI values per pool
	Remark

	0
	1
	2^30 = ~1 B
	2^30 = ~1B
	Today’s configuration without Iu-flexilibity. 
1 CN element connected to BSC/RNC

	4
	16
	2^26 = ~67 M
	
	

	6
	64
	2^24 = ~16 M
	
	

	10
	1024
	2^20 = ~1M
	
	


Table 1: Number of available TMSI/P-TMSI values in different pool-configurations

In chapter 4.5 of TS 23.xyz two different alternatives for pool-identification are shown. The effect of these two alternatives on the number of available TMSI/P-TMSI values is shown in the following using the example configurations of the table above.

Pool-area identification alternative A:

The first alternative for pool-identification (see chapter 4.5.1 of TS 23.xyz) is called “pool identification with Pool Area Code”. This concept is based on the assumption that LAI/RAI can be structured to identify pool-areas in a PLMN. The part of the LAI/RAI that identifies a pool-area is referred to as Pool-area Code (PAC). In this concept the UE is aware when it changes the serving pool-area and signals this change to the RNC in the IDNNS (see 25.331 v. 3.6.0 chapter 10.3.1.6, the ‘entered parameter’).

The advantage of this approach is that neighbouring pools are independent in NRI value usage. So within each pool-area the full set of NRI values can be used independent from each other. This results in independent TMSI/P-TMSI value administration in every pool-area. To achieve a pool-area structure in the LAI/RAI some restructuring of the LAI/RAI values in a network may be required when introducing Iu-Flexibility.

Since every pool in a PLMN can use the full number range of NRI and TMSI/P-TMSI values there is no effect on the TMSI/P-TMSI addressing space. So the #TMSI/P-TMSI values per NRI for pool-identification alternative A are the same as in Table 1. Neighbouring pool-area may even use different NRI-length values without affecting others.

	Length of NRI
	# CN elements per pool
	#TMSI/P-TMSI values per NRI value
	#TMSI/P-TMSI values per pool
	Remark

	0
	1
	2^30 = ~1 B
	2^30 = ~1B
	

	4
	16
	2^26 = ~67 M
	
	

	6
	64
	2^24 = ~16 M
	
	

	10
	1024
	2^20 = ~1M
	
	


Table 2: Number of available TMSI/P-TMSI values in Pool-identification alternative A

Pool-area identification alternative B:

The second alternative for pool-identification in 23.xyz does not use a specific structuring in the LAI/RAI. The ‘entered parameter’ as defined in TS 25.331 v. 3.6.0 chapter 10.3.1.6 is ignored by the RNC. The NAS node selection function uses the routing parameter of the IDNNS, which carries the NRI value, to route to a CN element in the pool and to distinguish whether the pool-area has changed or not.

The basic idea of this concept is to route on a NRI value as long as the NAS node selection function can resolve this value to a CN element address. Only if the NRI value is unknown in the RNC the distribution algorithm should select a new CN element. 

This concept has a couple of consequences to be considered when setting up a pool-area:

a) Is distribution of ‘new entrants’ desired in the pool?

If this is the case, then the NRI values of the MSCs/SGSNs in neighbouring pool-area have to be different. This case is illustrated in Figure 2 (copy of example 1 in chapter 4.5.2 in 23.xyz)
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Figure 2: Pool-identification alternative B; load distribution for new UEs (the numbers represent the NRI values used)

This concept results roughly in a decrease in available TMSI values per pool-area by (1+#_of_neighboring_pool-areas). Per CN element the available TMSI values is even less. It is reduced by the factor of number of nodes in all neighbouring pool-areas.

Using again Table 1 as basis the number of available TMSI/P-TMSI values in the example expressed in Figure 2 is:

	Length of NRI
	# CN elements per pool
	#TMSI/P-TMSI values per NRI value
	#TMSI/P-TMSI values per pool
	Remark

	0
	1
	-
	-
	Not applicable (27 NRI values needed)

	4
	16
	-
	-
	Not applicable (27 NRI values needed)

	6
	64
	2^24 = ~16 M
	3 * 16 M = ~ 48M
	

	10
	1024
	2^20 = ~1M
	3 * 1 M = ~ 3M
	


Table 3: Number of available TMSI/P-TMSI values in Pool-identification alternative B; NRI values and TMSI/P-TMSIs are shared between neighbouring pool-areas

In the case that new entrants in the pool will not be distributed over the available nodes by the NAS node selection function the same NRI values can be used in all neighbouring pool-areas. The drawback of this solution is that the probability of situations of unbalanced load in the CN elements is increased. To cope with these situations mechanisms have to be provided to force a re-distribution of subscribers if the unbalance in load reaches a certain threshold. 

b) Should pool-areas overlap?

The case where pool-areas are expected to overlap can be achieved by configuring the NAS node selection function in a way that the different NRI values point to CN elements that are grouped in different pools. One example of such a configuration is Figure 3 below (copy of example 2 in chapter 4.5.2 of 23.xyz). 
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Figure 3: Pool-identification alternative B; configuration for overlapping pool-areas

In this example only 2 NRI values are used in every pool-area of the network. So when the UE roams to another pool-area it will always be routed to that specific CN element that has the same NRI value as the one where the UE was attached to the first time when entered the network. 

In such a configuration load distribution will only be applied the first time a UE attaches to a PLMN! This may lead to load peaks in some parts of the network due to unpredictable roaming behaviour.

The effect on the TMSI/P-TMSI addressing space is shown in Table 4 below, again taking the configuration examples of Table 1 as basis.

	Length of NRI
	# CN elements per pool
	#TMSI/P-TMSI values per NRI value
	#TMSI/P-TMSI values per pool
	Remark

	0
	1
	-
	-
	Not applicable (2 NRI values needed)

	4
	16
	2^26 = ~67 M
	2*67M = ~134M
	

	6
	64
	2^24 = ~16 M
	2* 16M = ~32M
	

	10
	1024
	2^20 = ~1M
	2*1M = ~2M
	


Table 4: Number of available TMSI/P-TMSI values in Pool-identification alternative B; example of overlapping pool-areas

Discussion:

As a result of the previous two sections it can be summarized that Pool-identification alternative A does not impose restrictions on the use of NRI and consequently TMSI/P-TMSI values between neighbouring pool-areas. This allows an independent administration of the NRI’s per pool-area. The full addressing range can be utilized in every pool-area and NRI length may be selected depending on the local requirements for every pool-area in the PLMN. The drawback is that as a prerequisite for pool-identification alternative A a pool area code has to be introduced and as a consequence of that the LAI/RAI values may have to be adjusted in the PLMN.

Alternatively if pool-identification alternative B is chosen the existing LAI/RAI structuring can be kept and there is no need to reconfigure the LAI/RAI values when introducing Iu-Flexibility. On the other hand when load balancing is desired for ‘new entrants’ in a pool-area, then the NRI-values and as a consequence the TMSI/P-TMSI values have to be shared between neighbouring pool-areas. It has to be noted that it may not be possible in all cases to detect ‘new entrants’ since they may show up using a valid NRI value when attaching to the network (e.g. in airports) this may lead to unbalance of load in the serving CN elements. In additions the re-use of NRI values means that the NRI length has to be decided on a PLMN basis. This leads to a decrease of the available TMSI/P-TMSI values per pool-area and so implicitly to a lower limit in the size of a pool-area. Additionally the administration effort, especially in case of network expansion, can be expected to increase since new nodes must not only be configured in the own pool-area, but also in all the neighbouring pool-areas (e.g. in case NRI range has to be increased). 

Proposal:

As a result of these considerations this document proposes to use alternative A as a working assumption for pool-identification in 23.xyz.
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