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1   Introduction
The last RAN3 meeting discussed various solutions on HO type determination for relay. As the operator commented that DeNB and neighbouring eNB uses same MME pool for most of the scenarios, it is necessary to re-analysis the benefit to introduce any enhancements. 

2   Possible solutions

There are three solutions discussed in last meeting. 
Note: 1) all solutions do not change the previous agreement that RN know the X2 availability of neighboring eNB via the X2 eNB Configuration Update procedure. So here only consider the additional changes required by each solution. 2) all solution need to solve the path switch issue([4], [5]) , since current Stage-2 does not allow the DeNB to modify the GUMMEI and MME UE S1AP ID when processing the X2-AP messages.
· Solution 1 ([1]): RN determines the HO type per UE per neighbouring eNB. To solve the pass switch issue, the DeNB may modify the MME UE S1AP ID when processing the X2-AP messages.
· Solution 2 ([3]): DeNB determines the HO type per neighbouring eNB by comparing its GU Group ID, and the neighbouring eNB’s GU Group ID, then tell RN. In detail, 
· when DeNB connects to the same or the subset of the MME pools connected by the eNB, RN uses X2 HO.
· Otherwise, RN uses S1 HO.

To solve the pass switch issue, the DeNB may modify the GUMMEI and MME UE S1AP ID when processing the X2-AP messages.

· Solution 3a (no enhancement): RN tries X2 HO first. Upon reception of the X2 HO Request, the eNB check whether it connects to the MME as indicated in the X2 HO Request message. If not, eNB reject the HO with case “Invalid MME Group ID”. If receive this cause value, RN uses S1 HO for this UE and the remaining HOs to this eNB. Otherwise, RN continues to try X2 HO. 
To solve the pass switch issue, the DeNB may modify the GUMMEI and MME UE S1AP ID when processing the X2-AP messages.

· Solution 3b (no enhancement): RN always tries X2 HO first. If failed, RN uses S1 HO for this UE. 
To solve the pass switch issue, the DeNB may modify the GUMMEI and MME UE S1AP ID when processing the X2-AP messages.


[image: image1.emf]RN MME

DeNB

Target eNB

HO Request

HO Request

Path Switch Request Ack

HO Request Ack

HO Request Ack

SN Status Transfer

SN Status Transfer

Path Switch Request

UE Context Release

UE Context Release

Case 1a: X2 HO 

Case 1b: S1 HO

S1 HO Required

S1 HO Command

S1 HO Required

S1 HO Request

S1 HO Command

S1 HO Request Ack

S1 eNB Status Transfer

S1 eNB Status Transfer

S1 HO Notify

S1 UE Context Release Command

S1 UE Context Release Command

S1 UE Context Release Complete

S1 UE Context Release Complete

S1 MME Status Transfer

RN determine the HO type 

i.e., either use 1a (X2 HO), or 

1b (S1 HO)

DeNB may modify the 

GUMMEI and MME UE S1AP 

ID (Solution 1 does not need 

to modify GUMMEI)


Figure 1 – Call flow for Solution 1 and Solution 2
The call flow for Solution 1 and 2 are almost the same for the HO procedure, with two differences. 1) the HO type determination mechanism, i.e. Solution 1 makes the HO type decision per UE per eNB, while Solution 2 makes the HO type decision per eNB. 2) the processing in DeNB for X2 HO Request message. In Solution 2, DeNB may need to modify the GUMMEI and MME UE S1AP ID upon the reception of the X2 HO Request message from RN. In Solution 1, DeNB may need to modify the MME UE S1AP ID.
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Figure 2 – Call flow for Solution 3
The call flow for Solution 3a and 3b are almost the same. The only difference is Solution 3a stop the X2 HO try after receive one rejection with cause value “Invalid MME Group ID”. In Solution 3b, RN always initiate the X2 HO try first.

As shown in above figures, if not consider the messages between UE and RN,
· The pure X2 HO successful procedure uses 10 messages (4 of them for RN-DeNB, and 2 of them are related to MME). 
· The pure S1 HO successful procedure uses 14 messages (5 of them for RN-DeNB, and 9 of them are related to MME). Not consider the messages for relocate the MME and SGW.
· If RN initiates S1 HO procedure after X2 HO try failed, it uses 18 messages (7 of them for RN-DeNB, and 9 of them are related to MME). Not consider the messages for relocate the MME and SGW.
This contribution considers two possible deployment examples:
· Deployment 1: Scenario 1&2: 90%, Scenario 3&4: 5%, and Scenario 5: 5%

· Deployment 2: Scenario 1&2: 60%, Scenario 3&4: 30%, and Scenario 5: 10%

3   Deployment scenarios

Since the MME pools cover a very large area, it is very rare that eNB connects to more than two MME pools. So this contribution assumes DeNB and eNB connects to at most of two MME pools.
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Figure 3 – Deployment Scenarios
· Scenario 1: DeNB and neighboring eNB connects to same MME Pool(s). RN can use X2 HO for all UEs to the neighbouring eNB.
· Scenario 2: The DeNB’s MME pool(s) is a subset of the MME pool(s) connected by the neighboring eNB. RN can use X2 HO for all UEs to the neighbouring eNB.
· Scenario 3: The neighboring eNB’s MME pool(s) is a subset of the MME pool(s) connected by the DeNB, i.e. DeNB connects to MME pool 1 and 2, and neighboring eNB only connects to MME pool 2. Let’s assume that UE are evenly distributed to use MME pool 1 and 2 in the RN, theoretically, RN can use X2 HO for half of the UEs to the neighbouring eNB.
· Scenario 4: There is one (or more) MME pools used by both DeNB and neighboring eNB, but DeNB and neighboring eNB also connect to other different MME pool(s), , i.e. DeNB connects to MME pool 1 and 2, and neighboring eNB connects to MME pool 2 and 3. Let’s assume that UEs are evenly distributed to use MME pool 1 and 2 in the RN, theoretically, RN can use X2 HO for half of the UEs to the neighbouring eNB.
· Scenario 5: There is no common MME pool between DeNB and neighboring eNB. RN can only use S1 HO for all UEs to the neighbouring eNB.
4   Signalling load comparison 
Since RN can always use X2 HO for Scenario 1 & 2, there is no difference for the signaling load for all solutions in Scenario 1 & 2.
For Scenario 3 & 4, let’s assume that RN needs to perform n handover to the neighboring eNB, and the UEs are evenly distributed to use MME pool 1 and 2 in the RN. The total number of messages required for each solution is:

· Solution 1: 10 * n/2 + 14 * n/2 = 12n
· Solution 2: 14 * n = 14n
· Solution 3a: 
· possibility 1 (50%): the 1st X2 HO try failed, then uses S1 HO for all remaining HOs: 18 + 14 * (n-1)

· possibility 2 (25%): the 1st X2 HO is ok, the 2nd X2 HO try failed, then uses S1 HO for all remaining HOs: 10 + 18 + 14 * (n-2)

· possibility 3 (12.5%): the 1st and 2nd X2 HO are ok, the 3rd X2 HO try failed, then uses S1 HO for all remaining HOs: 10*2 + 18 + 14 * (n-3)

· …

· Possibility n (1/2^n): only the last X2 HO try failed: 10*(n-1) + 18

· Possibility n+1 (1/2^n): all X2 HO are ok: 10*n

Considering the possibilities, the total number of messages is:

10 * {1*2^(-2) + 2*2^(-3) +… + (n-1)*2^(-n) + n*2^(-n) } + 14 * {(n-1)*2^(-1) + (n-2)*2^(-2) + …. + 2^(-n+1)} + 18 * {2^(-1) + 2^(-2) + … + 2^(-n+1)}, which is about 10 + 14* (n-2) + 18 = 14n
· Solution 3b: 10*n/2 + 18*n/2 = 14n
	
	Scenario 1&2 


	Scenario 3&4


	Scenario 5


	Total msgs for deployment 1
	Total msgs for deployment 2

	Solution 1
	10n
	12n
	14n
	10.3n
	11n

	Solution 2
	10n
	14n
	14n
	10.4n
	11.6n

	Solution 3a
	10n
	~14n
	14n +4
	10.4n + 0.2
	11.6n + 0.4

	Solution 3b
	10n
	14n
	18n
	10.6n
	12n


Table 1 – total number of messages for n handovers (not consider the message between UE and RN)
Similarly, the total number of messages related to RN-DeNB, and related to MME are also calculated.
	
	Total number of msgs 
	Total RN-DeNB msgs 
	Total Msgs related to MME

	Solution 1
	10.3n
	4.075n
	2.525n

	Solution 2
	10.4n
	4.1n
	2.7n

	Solution 3a
	~10.4n + 0.2
	~4.1n +0.15
	2.7n - 0.35

	Solution 3b
	10.6n
	4.225n
	2.525n


Table 2 – Signaling load comparison for n handovers (deployment 1)

	
	Total number of msgs 
	Total RN-DeNB msgs 
	Total Msgs related to MME

	Solution 1
	11n
	4.25n
	3.75n

	Solution 2
	11.6n
	4.4n
	4.8n

	Solution 3a
	~11.6n +0.4 
	~4.4n +0.5
	~4.8n -0.21

	Solution 3b
	12n
	4.75n
	3.75n


Table 3 – Signaling load comparison for n handovers (deployment 2)

Observations: Solution 1 does have some saving than other solutions. The signaling load is almost the same for Solution 2 and Solution 3a.
Here is the comparison for all three solutions:

	
	Solution 1 (HO type per UE per eNB)
	Solution 2 (HO type per eNB)
	Solution 3 (no enhancement)

	Impact to S1
	Yes ((
(DeNB may need to add the GUMMEI in multiple S1 messages to RN)
	No (
	No (

	Impact to X2
	No (
	Yes (
(DeNB need to indicate the HO Type for the neighbouring  eNB)
	No (

	HO type determination mechanism in RN
	Same as macro eNB (
(based on the X2 availability, GU Group ID information of neighbor eNB, and the UE’s serving MME)
	Different to macro eNB (
(based on the X2 availability and HO type) 
	Same as macro eNB (

	Impact to DeNB

(when receive an eNB Configuration Update from the neighbouring eNB)
	No special handling ( 
	Make a comparison on the GU Group ID information, and add the HO Type in the X2 eNB Configuration Update to RN (
	No special handling ( 

	Impact to DeNB for Path Switch issue
(when receive X2 HANDOVRE REQUEST message from the RN)
	Fill the correct MME UE S1AP ID


	Fill the correct GUMMEI, and MME UE S1AP ID
	Fill the correct GUMMEI, and MME UE S1AP ID

	Whether it can fully use the X2 HO benefit (i.e. short HO latency, etc.)
	Yes (


	Not for Scenario 3 & 4 (
	Can fully use the X2 HO benefit for some handovers in Scenario 3&4.

(

	Savings on the signalling (in comparison to Solution 3)
	Small savings (
	almost the same as Solution 3
	-


In a summary, 
· Solution 1 has the best HO performance, because benefit of X2 HO is always assured.

· Solution 2 vs. Solution 3: Solution 2 does not have any advantage to Solution 3, but Solution 2 requires changes to X2 and introduces new behavior in the DeNB and the RN. So Solution 3 is better than Solution 2. 

· In solution 1, the GUMMEI information needs to be transferred from DeNB to RN in S1 interface, but it is not always needed. When the UE requests RRC Connection Establishment in this RN, RN can know the GUMMEI. Considering the MME pool serves a very large area, and DeNB connects to the same eNB as the neighboring eNB in most of the scenarios, it is likely that RN knows the actual MME for most of the scenarios. On the other hand, the DeNB can know whether the RN have the correct GUMMEI. The DeNB only tell RN if RN does not have the correct GUMMEI. So the overhead to transfer the GUMMEI to RN is extremely small and can be acceptable; 
· Solution 1 vs. Solution 3: 
· Advantage: Solution 1 has small advantage to Solution 3. 

· Benefit of X2 HO is always assured in all of the deployment scenarios;

· There is no KPI degradation because of  HO failures in solution 1;  
· Considering the concerns that DeNB and neighbouring eNB use the same MME pool for most of the scenarios, the scenarios for DeNB/RN should be very same as the scenarios in Rel-8/9, which means the eNB and neighbouring eNBs use the same MME pool for most of the scenarios, there is nothing different between Rel-8/9 and Rel-10 in terms of the deployment scenarios of MME pools. While in Rel-8/9 the source eNB of HO is always aware of the MME pools information of target eNB and make a right HO type decision based on that, in Rel-10 RN scenario, the same principle should be applied.
· It should be simply assumed the transmission delay in RN case is longer than in Rel-8/9, because there is one more hop for the transmission of UE traffic. HO solution with higher performance should be preferred.
Proposal 1: It’s proposed to adopt solution 1 as the HO type determination solution.

5   Conclusion
In this contribution, we analyses the HO type determination in relay system. 
Proposal 1: It’s proposed to adopt solution 1 as the HO type determination solution.
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