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1. Introduction
This P-CR proposes to fill the comparison table based on the evaluation clause of this TR.
2. Reason for Change
After evaluation of each solution for MME restoration by describing pros and cons, next step for this study is comparing solutions and decide whether standardizing that enhancements are agreeable. This P-CR addresses characterization of each solution for MME failure in order to compare and to make this table basis for the decision.
3. Conclusions

Comparison table should be filled based on the evaluation clause of this TR. This table includes four solutions for MME failure referring to clause 6.
4. Proposal

It is proposed to agree the following changes to 3GPP TR23.857 v1.0.1.
* * * First Change * * * *

7
Conclusions and recommendations

7.1
MME restoration

7.1.1
Comparison of proposed solutions

Table 7.1.1-1 comparison of each solution proposed in subclause 6.1 
	
	Solution 1 
Down Link Data Triggered Attach (DLDTA)
	Solution 2 
reattachment with HSS interaction
	Solution 3 
Pro-active Paging based approach
	Solution 4 
using the MME self-stored paging information 

	Background
	Reactive solution to reattach the UE when the first downlink data packet is received for the UE, by IMSI paging the UE over the last known TAI list maintained in SGW.
	Reactive solution to reattach the UE when the first downlink data packet is received for the UE, by IMSI paging the UE over the entire MME area, after HSS interaction. 
	Proactive solution to reattach the UE after the MME failure is detected, by IMSI paging the UE over the last known location information maintained in SGW.
	Reactive solution to reattach the UE when the first downlink data packet is received for the UE, by S-TMSI paging the UE over the last known TAI list maintained in non-volatile memory of MME.

	Entity triggering the UE paging
	SGW when it receives downlink data packet on a bearer with e.g. special value of QCI, APN (MME policy).
	SGW when it receives downlink data packet on a specific bearer (MME or PCRF policy).
	MME when SGW detects MME failure, for UEs marked as URCR, e.g. based on subscription profile, QCI/ARP, operator’s policy (MME policy). 
	SGW when it receives downlink data packet on a bearer with e.g.  special value of QCI, APN (SGW policy).

	EPC nodes impacted
	MME

SGW
	MME

SGW
HSS
	MME

SGW
	MME

SGW

	Existing EPC procedure impacted
	Extra information TA list is required to pass for each UE in the session mobility procedures between SGW and MME. Intra MME intra SGW TAU may require S11 signalling.


	None.
	Extra information URCR status and “DAIP” (MME  implementation specific container for subsequent  IMSI paging) are required to pass in the session mobility procedures between SGW and MME. Intra MME intra SGW TAU may require S11 signalling.
	None.

	Existing EPC procedure dependency
	Node Features notification (NOTE2, NOTE3)
	Node Features notification (NOTE3)
	Node Features notification (NOTE2, NOTE3)
	Node Features notification (NOTE3)

	Existing EPC signalling impacted
	Signalling for paging notification (depending on terminating traffic) between SGW and MME when the downlink data packet arrives after MME restarts as this is done per UE.
	None.
	Extra signalling for paging notification between SGW and MME when the MME restart is detected. This is bulk notification message. 


	Signalling for paging notification (depending on terminating traffic) between SGW and MME when the downlink data packet arrives after MME restarts as this is done per UE.

	new EPC signalling required
	intra MME, intra SGW TAU may require S11 signalling
	Enhanced Update Location Request including IMSI and Response are required to support for interaction between MME and HSS.
	intra MME, intra SGW TAU may require S11 signalling
	None.

	Additional EPC resources required
	SGW running extra timer to remove the hanging PDN connections if no downlink data packet is received.

SGW keeping extra information TA list for each UE.
	SGW running extra timer to remove the hanging PDN connections if no downlink data packet is received.


	SGW keeping the extra information “DAIP” for specific UEs (as directed by MME).
	SGW running extra timer to remove the hanging PDN connections if no downlink data packet is received.

MME stores S-TMSI, TAI list, IMSI and possible other parameters in the MME non-volatile memories.

	Restarted MME overload impacts 
	Depends on Terminating traffic
	Depends on Terminating traffic
	Since the proactive paging is done, the MME may need to IMSI page for all URCR enabled UEs. That may cause MME overload.
	Depends on Terminating traffic

	RAN resources impacts
	the IMSI paging in the latest TAI list can avoid paging in all TA served by the MME and save some radio resource
	Paging in all TA served by the MME may cause heavy impacts for radio resource.
	Since the proactive paging is done, the MME may need to IMSI page for all URCR enabled UEs. That may impact heavy RAN resources
the IMSI paging in the latest TAI list can avoid paging in all TA served by the MME and save some radio resource
	Paging with S-TMSI, TAI list and IMSI can limit the scope of paging that means can save RAN resource.

	Impacts on EPC services after MME restart/failure
	The first call after restart will fail (IMS voice , CSFB) until the UE is reattached
	The first call after restart will fail (IMS voice , CSFB) until the UE is reattached
	MO and MT calls will fail until the  UE is reattached
	The first call after restart will fail (IMS voice , CSFB) until the UE is reattached

	Roaming impacts
	None
	The HSS in the HPLMN is required to be enhanced for the inbound roaming UE.
	None
	None

	Covering Scenario

Failure with Restart/
Failure without Restart/
Failure with and without Restart
see NOTE1:
	Failure with and without restart
	Failure with and without restart
	Failure with and without restart
	Failure with restart

	Other merits
	
	No need to pass any extra information on S11 and stored in S-GW for preparation
Double IMSI paging can be avoided if the UE has already reattached to another MME
	
	No need to pass any extra information on S11 and stored in S-GW for preparation

Paging with S-TMSI can avoid meaningless re-attach process e.g. caused by IMSI paging even after UE already attached to the different MME.

	Other drawbacks
	The PDN connection in SGW, PGW may remain hanging if the UE attaches to the network via different (than the original) MME, SGW and PGW until timer set on S-GW expired.
	The PDN connection in SGW, PGW may remain hanging if the UE attaches to the network via different (than the original) MME, SGW and PGW until timer set on S-GW expired.

Benefit of HSS interaction for avoiding double IMSI paging might be limited. Most of the case if UE already attach to the different MME, few down link packet comes to old network.
	During the time when the MME is down, the UE may get attached to network via different MME, SGW and PGW. 
Some solution might be required to avoid paging for such UE when the MME restarts.
Additional mechanism to pace the UE paging is required to avoid Core network and RAN resource impacts. Re-attach process includes impact for EPC nodes/IMS nodes/AS for all URCR enabled UEs are occurred.
Once UE could not respond IMSI paging e.g. temporally unreachable, UE can not receive services until periodic TAU if UE camps on the same TA before and after unreachable because IMSI paging should not be re-tried.
	The PDN connection in SGW, PGW may remain hanging if the UE attaches to the network via different (than the original) MME, SGW and PGW until timer set on S-GW expired.

	NOTE1:    Failure with restart scenario is priority to be considered in this study. Failure without restart scenario will be further discussed, and clear definition of “failure without restart” will be discussed also.
NOTE 2:   MME does not generate extra signalling towards SGW if SGW does not support this restoration solution. 
NOTE 3:   SGW does not maintain bearers after detecting MME restart if MME does not support this restoration solution.


