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1.  Introduction
In RAN2#55 a question was raised whether the UE performs TAU during LTE_ACTIVE, and whether the network should allocate TAI upon RRC release. This paper takes on this issue and discusses the RRC release procedure, taking into account MME anchoring/relocation and redirection to another frequency layer/RAT upon RRC release.
2. TAU alternatives in LTE_ACTIVE
In UMTS the RAU behaviour in PS connected depended on the RRC state. In CELL_DCH no RAU was performed and after releasing the RRC connection, the UE initiated RAU if necessary. That is, the UE initiated RAU if the RAI of the reselected cell just after RRC connection release has been changed from the last registration. In CELL_FACH, the UE performed RAU using RACH and FACH as per mobility.

In LTE the RRC will have only two states, i.e., RRC_CONNECTED and RRC_IDLE. While UE initiated TAU is obvious for RRC_IDLE, applicability of TAU during RRC_CONNECTED is yet unclear. Three aproaches can be considered regarding TAU in RRC_CONNECTED (LTE_ACTIVE).
· Alt.1:  No TAU in LTE_ACTIVE

· Alt.2:  TAU during LTE_ACTIVE

· Alt.3:  TAI allocation upon RRC release

Pros and cons of the above alternatives are summarized in Table 1.

TABLE 1.  TAU alternatives in LTE_ACTIVE.
	
	Alt.1
No TAU in LTE_ACTIVE
	Alt.2
TAU during LTE_ACTIVE
	Alt.3
TAU upon RRC release

	Description
	No TAU is performed during LTE_ACTIVE. After RRC release the UE performs cell reselection and TAU if necessary.
	TAU is performed as per mobility during LTE_ACTIVE.　The MME decides TAI allocation upon HO, upon receiving path switch request. The TAI is sent as a NAS message after HO complete.
	No TAU is performed during LTE_ACTIVE. The NW allocates new TAI upon RRC release, if it has been changed from the last registration. (The NW does not allocate TAI if the call ends within the initial TA.)

	Example
	
[image: image1.emf]IDLE  >  ACTIVE ACTIVE  >  IDLE

TA#1

TA#2

TA#3

TAU


	
[image: image2.emf]IDLE  >  ACTIVE ACTIVE  >  IDLE

TA#1

TA#2

TA#3

TAU

TAU


	
[image: image3.emf]IDLE  >  ACTIVE

TAU  &

ACTIVE  >  IDLE

TA#1

TA#2

TA#3



	Pros
	· Simple and effective for short calls and/or low mobility.

· TA can be completely disregarded in LTE_ACTIVE.

· In case MME is anchored during ACTIVE, this would be the simplest solution.

· In case of redirection upon A > I, TAU can be performed after the UE selects the best cell.
	· The UE already has the appropriate TAI upon RRC release.

· Effective for short-medium length calls and/or low-moderate mobility.
· In case MME is relocated during ACTIVE, this is perhaps a natural solution as TMSI also has to be reallocated.
	· No need for the UE to initiate TAU immediately after RRC release.

· Effective for long calls and/or high mobility.
· In case the UE ends the call in the same pool area, and the UE is not redirected upon A > I, this would be the simplest solution.

	Cons
	· If the UE has moved out of the TA during ACTIVE (i.e., long calls and/or high mobility), the UE potentially misses paging due to cell reselection and TAU after RRC release.

· To avoid such missed paging, a deliberate mechanism, e.g., queuing or repetition, is needed.
	· Signalling overhead in case of long calls and/or high mobility. (TAUs except for the last one before RRC release is unnecessary.)
· In case MME is anchored during ACTIVE, the MME may not have the appropriate TAI.

· In case of redirection upon A > I, the UE may select a cell that incur MME relocation, hence causing another TAU.
	· In case MME is anchored during ACTIVE, the MME may not have the appropriate TAI.
· If MME is to be relocated upon A > I, this may complicate the procedure.

· In case of redirection upon A > I, the UE may select a cell that incur MME relocation, hence causing another TAU.


Considering the pros and cons listed above, Alt.2 has no clear advantage over Alt.1 and 3, unless MME is to be actively relocated during LTE_ACTIVE. Alt.1 can handle any case, including MME anchoring and redirection, with only the fundamental procedures, i.e., RRC release and normal TAU. However, Alt.1 requires the UE to establish RRC connection to perform TAU just after releasing RRC. To eliminate such redundant RRC procedures, Alt.3 is attractive. However, Alt.3 incur complex procedures in case of e.g., MME anchoring and redirection. Before deciding on the recommended solution, several considerations are further discussed in Section 3.

Note that the three alternatives are applicable to both the TA schemes currently being considered in RAN3, i.e., overlapping TA and multi-TA registration.

3. Considerations
3.1  MME anchoring
In UMTS, allocating TAI upon RRC release was difficult due to the SRNC being the anchor, and the RAI being part of NAS protocol. There was no mechanism for the SRNC or SGSN to figure out the RA where the UE is located upon RRC release, as the UE may have moved to an RA under another RNC.
Similar principle applies to LTE when MME is anchored during LTE_ACTIVE. Although whether the MME will be anchored or relocated during LTE_ACTIVE is under discussion in RAN3 and SA2, one viable approach is to anchor the MME during LTE_ACTIVE to avoid any C-plane interruption [1]. In case the MME is anchored, the UE may move out of the pool area during LTE_ACTIVE. Then, a temporary TNL connection can be established between the eNB outside the pool area and the anchoring MME. In this scenario, the serving MME may not have the TA information of the cell where the UE is located. If the TAI is to be allocated upon RRC release, two alternatives can be considered. One is to obtain the TAI and new TMSI through inter-MME procedures, and the other is to relocate the MME before releasing the connection and allocate the TAI and TMSI from the new MME. In either case if the UE is to be redirected to another frequency layer or RAT upon RRC release, such procedure may prove futile as the redirection may cause the UE to select a cell under another pool area. Considering such scenarios, the simplest and perhaps the best solution would be to adopt Alt.1, i.e., to leave any TAU up to the UE after transiting to LTE_IDLE. Nevertheless, the story may be different if inter-pool area mobility is to be handled by MME relocation in LTE_ACTIVE. Then, Alt.2, that is to perform TAU as per mobility, may be viable as MME relocation incur TMSI allocation, and sending TAI at the same time should not have a considerable impact.
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Fig.1  MME anchoring by temporary TNL.

3.2  Redirection upon RRC release
In UMTS redirection to another frequency layer or RAT was possible upon RRC release. This was to offer a mechanism for load balancing. As discussed in [2], similar redirection should also be supported in LTE. When the UE is redirected to another frequency layer or RAT, allocating a TAI upon RRC release may be difficult. If the UE is redirected, the UE will have to perform cell reselection in the redirected frequency or RAT. As a result, the selected cell may be out of the pool area served by the current MME. Then, a similar problem as in the case of MME anchoring arises, i.e., the current serving MME may not know the appropriate TAI. Although the network can direct the UE to perform inter-frequency or inter-RAT HO instead, just before terminating the session, such procedure would be more complex compared to doing the transition after transiting to LTE_IDLE.
3.3  Idling barred in serving cell
Another issue that needs to be considered is the case where the serving cell in LTE_ACTIVE does not accommodate camping, e.g., subordinate cell [3]. In this case, the UE has to find a suitable cell for camping before or after the UE turns to LTE_IDLE. A procedure can be considered, in which the UE measures the neighbour cells (most likely of other frequency layer or RAT, then needing measurement gaps) to find a suitable cell prior to releasing the connection, and the network allocates the TAI/TMSI valid in the selected cell through network procedures. However, such a procedure can be complex unless the UE selects a co-located cell of the same eNB. Doing the necessary procedures after transiting to LTE_IDLE would be considerably simpler.
4. TAU alternatives in LTE_ACTIVE, revisited
From the observations made in section 3, Alt.1 seems to be the most robust and versatile. With Alt.1, no special procedure is necessary for TAI allocation during LTE_ACTIVE or upon RRC release. As such, our recommendation is to adopt Alt.1 in LTE. However, in the special case where the RRC is released in the pool area served by the current MME, and the UE is not redirected, it would be easy for the MME to allocate the necessary TAI. As such, Alt.3 can be considered as a possible optimisation to eliminate redundant procedures that are otherwise necessary in Alt.1, for the limited scenario above. In contrast, Alt.2 would only make sense if MME is to be actively relocated during LTE_ACTIVE, while noting that it cannot handle all the cases. In conclusion, LTE/SAE should consider Alt.1 as the base line, and further consider the necessity of Alt.2 and 3, depending on whether MME shall be anchored or relocated during LTE_ACTIVE.
To add a note, in case of Alt.1, a paging can be missed potentially while the UE is performing cell selection and TAU after RRC release. To prevent any missed paging, a deliberate mechanism would be needed, e.g., buffer any paging occurred from the time of RRC release to TAU complete, or deploy a paging repetition mechanism in the MME.
5.  Conclusions

We propose the following principles as the base line regarding TAU in LTE/SAE:
· TAU is not performed in LTE_ACTIVE nor upon RRC release.
· The UE performs cell selection and TAU if the TA has been changed from the last registration, immediately after RRC release.

· LTE/SAE should be equipped with a mechanism such as repetition, to prevent any missed paging, due to e.g., TAU after RRC release.

TAI allocation upon RRC release can be considered as a possible optimisation, for the special case where the UE turns to LTE_IDLE in the pool area managed by the current serving MME, and the UE is not redirected. Furthermore, TAU during LTE_ACTIVE as per mobility should only be considered if MME is to be relocated during LTE_ACTIVE.
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Fig. 2  RRC release and TAU procedure.
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Fig. 3  RRC release, redirection, and TAU procedure.[image: image7.png]
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