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1. Introduction

  This contribution is a revision of R3-092733. All changes are marked in blue.
In past several meetings, many contributions have been proposed to describe 4 Type-I relay architecture alternatives from different viewpoints. In RAN3#65bis meeting, TR 36.806 [1] is used to collect agreed descriptions of the 4 relay architecture alternatives. Based on the TR 36.806, this contribution compares 4 architecture alternatives to determine the final relay architecture. From the comparison results, Only Alt. 1 and Alt. 4 are realizable in Rel-10 for fixed, two-hop Relay. However, Alt. 1, 2 and 3 require, altogether, significant standardization efforts in further enhancements and optimizations for fixed, mobile, two-hop and multi-hop relay; whereas Alt. 4 requires minimal standardization in further enhancements.
2. Discussion of comparison items

The following comparison items had been proposed by various companies as import factors in selecting relay architecture. We derived our comparison tables based on those factors.

1. TNL overhead over Un (This item was ever discussed by Ericsson [2], Huawei [3], Qualcomm Europe [4], NTT DCM [41], III&Coiler [5], NSN [6], TI [7])

· TNL overhead should be considered carefully because that Un interface is a wireless link and the radio resource is scarce. 

· The complexity of new header compression schemes should be considered when it is used to mitigate the TNL overhead.

2. Latency (NTT DCM [41], Huawei [9], III&Coiler [8], LGE [10], Fujitsu [11]) 

· Latency is an important factor to evaluate the performance of proposed architectures. The addition of RN introduces more latency which may degrade the system performance and reduce the satisfaction of user experience. Moreover, the LTE-Advanced performance requirements should be met with the introduction of RN.

· Higher latency increases handover delay and handover drop rate.

3. Multi-hop supporting (NTT DCM [12], Qualcomm Europe [13], Huawei [14], III&Coiler [15][48], RAN2 report [16], RAN3 report [17], ZTE [18])

· Multi-hop supporting is in principle supported by all alternatives. Therefore, it should be evaluated to see if all architectures can still work efficiently with multi-hop scenario. 

· “Multi-hop and RN mobility are both de-prioritized (de-prioritized does not mean that we don’t take them into account in the architecture solution” [17].

4. RN mobility supporting (Huawei [19][20][44], Qualcomm Europe [21], ZTE [22], RAN2 report [16], CMCC&Vodafone [44][45], SK Telecom [45])
· It was proposed to take mobile relay-node into account [44].

· RN mobility under two-hop and multi-hop scenario should be evaluated separately.

· Main focus of the study is on fixed RN. However, selected architecture should not preclude later introduction of mobile RN [46]. 

· Performance of RN mobility should be evaluated to understand what impacts are when RN mobility is introduced in all relay alternatives.
5. Security (NTT DCM [23], Huawei [24], Reply LS to SA3 [25])

· Security issue should be considered carefully on Un interface. Especially for that the open access characteristic of Un interface (i.e. wireless link) increases risk of system security.

· Overhead/specification impacts of the security scheme should be evaluated.

6. Data forwarding optimization (ALU [26], CATT [27], Ericsson [28], Motorola [29], Fujitsu [30], Huawei [31], Samsung [32])

· Unnecessary data back and forth forwarding wastes the scarce radio resource.

· Unnecessary data back and forth forwarding increases handover delay and handover drop rate.

7. S1AP/X2AP signaling transmission latency (Huawei[24])

· The S1AP/X2AP messages transferred by different RBs (SRB or DRB) would experience different priority treatment. If the S1AP/X2AP messages are transferred by low priority RB, latency may be high and unacceptable.

8. Scalability (Huawei [33], NSN [6] )

· The scalability issue should be considered when number of RNs becomes large. Especially impacts to the CN should be evaluated carefully (e.g. the simultaneously connections setup to connect to a MME). 

9. QoS control over Un interface (LGE [34], Huawei [35], Qualcomm Europe [36], CATT [37], III&Coiler [38], NSN [6], NTT DCM [41], ZTE [42])

· Partial handover should be supported to reduce the handover drop rate. Therefore, QoS control per UE per bearer over Un interface should be considered.

· Per UE flow control mechanism over Un should be supported to avoid congestion.

10.  Specification impact (Ericsson [39], Qualcomm Europe [40], NTT DCM [41], Huawei [48])

· Require more time for defining new specification.

· Additional conformance test is required to test new specification.
11.  RN complexity and cost (Ericsson [43], TI [49][50])
· RN should have low complexity and cost. 

· Deployment issue should be considered.

· RN should be deployed in scenarios as many as possible.

Table 1. Detailed comparison table for all relay alternatives

	TNL overhead over Un 
	Alt.1
	1. SCTP/IP and GTP-U/UDP/IP are required to transport control plane signaling and user plane data.

2. New RoHC profiles or new PDCP or new header compression mechanism are required to compress headers.

3. Processing complexity is increased due to new header compression scheme.

4. Although it is possible to support two-hop scenario, the TNL overhead is larger than that of Alt. 4.

5. For multi-hop scenario, header compression is impractical due to tunnel-in-tunnel GTP-U headers.

6. Path management overheads of SCTP(heartbeat) and GTP-U(Echo) mechanism over Un interface should be considered.

	
	Alt.2
	1. SCTP/IP and GTP-U/UDP/IP are required to transport control plane signaling and user plane data.

2. New RoHC profiles or new PDCP or new header compression mechanism are required to compress headers.

3. Processing complexity is increased due to new header compression scheme.

4. Although it is possible to perform header compression in two-hop or multi-hop scenario, the TNL overhead is larger than that of Alt. 4.

5. Path Management overhead of SCTP(heartbeat) and GTP-U(Echo) mechanism over Un interface should be considered.

	
	Alt.3
	1. SCTP/IP and GTP-U/UDP/IP are required to transport control plane signaling and user plane data.

2. New RoHC profiles or new PDCP or new header compression mechanism are required to compress headers.

3. Processing complexity is increased due to new header compression scheme.

4. Although it is possible to support two-hop scenario, the TNL overhead is larger than that of Alt. 4.

5. For multi-hop scenario, header compression is impractical due to tunnel-in-tunnel GTP-U headers.

6. Path Management overhead of SCTP(heartbeat) and GTP-U(Echo) mechanism over Un interface should be considered.

	
	Alt.4
	1. No additional TNL overhead over Un interface.

2. No new header compression profile or scheme is required.

3. Both in two-hop and multi-hop scenario, Alt. 4 can reuse the Rel-8 header compression mechanism of PDCP that incurs no additional header compression complexity.

	Security
	Alt.1
	1. S1AP/X2AP messages are carried in DRB that is not integrity protected.

2. New integrity protection scheme over Un is required. (e.g. IPSEC or DRB with integrity protection)

	
	Alt.2
	1. 

	
	Alt.3
	2. 

	
	Alt.4
	S1AP/X2AP messages are carried in SRB that is already integrity protected.

	GBR bearer setup/update latency
	Alt.1
	1. Because S-GW/P-GW(RN) is not integrated into DeNB and CN is involved in Un bearer update procedures, the GBR bearer setup/update latency is considerable large.

2. For UE mobility, handover dropping probability is higher than that of Alt.4 due to the higher GBR bearer update latency.

	
	Alt.2
	1. Due to the integrated HeNB GW-like functionality in DeNB, the latency is lower than that of Alt. 1. However, CN is involved in Un bearer update procedures and GBR bearer setup/update latency is higher than that of Alt. 4.

2. For UE mobility, handover dropping probability is higher than that of Alt.4 due to the higher GBR bearer update latency.

	
	Alt.3
	1. Due to the integrated S-GW/P-GW(RN) in DeNB, the latency is lower than that of Alt. 1. However, CN is involved in Un bearer update procedures and GBR bearer setup/update latency is higher than that of Alt. 4.

2. For UE mobility, handover dropping probability is higher than that of Alt.4 due to the higher GBR bearer update latency.

	
	Alt.4
	Because CN is not involved in GBR bearer setup/update procedure, Alt. 4 has lowest GBR setup/update latency among the 4 alternatives.

	Data forwarding optimization
	Alt.1
	DeNB is not aware of UE handover signaling, data forwarding short-cut cannot be provided.

	
	Alt.2
	DeNB is aware of per UE handover signaling, short-cut for data forwarding can be provided.

	
	Alt.3
	DeNB is not aware of UE handover signaling, data forwarding short-cut cannot be provided.

	
	Alt.4
	Because DeNB is aware of UE handover signaling, short-cut for data forwarding can be provided.

	Multi-hop supporting
	Alt.1
	TNL overhead over Un may get worse in multi-hop scenario due to the tunnel-in-tunnel encapsulation. Therefore, Alt. 1 is impractical to support multi-hop deployment.

	
	Alt.2
	1. No tunnel-in-tunnel encapsulation when multi-hop deployment is applied. 
2. S-GW/P-GW(RN) is required in intermediate RN and DeNB.
3. S1AP/X2AP proxy function is required in intermediate RN.

	
	Alt.3
	TNL overhead over Un may get worse in multi-hop scenario due to the tunnel-in-tunnel encapsulation. Therefore, Alt. 3 is impractical to support multi-hop deployment.

	
	Alt.4
	S1AP/X2AP proxy function is required in intermediate RN.

	RN mobility supporting
	Alt.1
	1. For two-hop scenario, Alt. 1 can support RN mobility.

2. For multi-hop scenario, supporting RN mobility is impractical due to high complexity in header compression.

	
	Alt.2
	1. For two-hop scenario, supporting RN mobility is difficult due to the integrated S-GW/P-GW(RN) in DeNB. 

2. For multi-hop scenario, supporting RN mobility is difficult due to the integrated S-GW/P-GW(RN) in super-ordinate RN or DeNB. 
3. When RN handovers, it changes its S/P-GW, so the RN will get a new IP address and the IP layer connectivity should be re-established, thus further increasing the handover delay.

	
	Alt.3
	1. For two-hop scenario, supporting RN mobility is difficult due to the integrated S-GW/P-GW(RN) in DeNB. 

2. For multi-hop scenario, supporting RN mobility is impractical due to high complexity in header compression.

3. Supporting RN mobility in multi-hop scenario is difficult due to the integrated S-GW/P-GW(RN) in super-ordinate RN or DeNB.
4. When RN handovers, it changes its S/P-GW, so the RN will get a new IP address and the IP layer connectivity should be re-established, thus further increasing the handover delay.

	
	Alt.4
	1. For two-hop scenario, Alt. 4 can support RN mobility.

2. For multi-hop scenario, Alt. 4 can support RN mobility.

	S1AP/X2AP signaling transmission latency
	Alt.1
	1. S1AP/X2AP signaling is carried in DRB that has lower priority than SRB. The signaling transmission latency cannot be guaranteed.

2. At least 2 new QCIs (i.e. for low and high priority) are required to guarantee signaling latency.

	
	Alt.2
	1. 

	
	Alt.3
	2. 

	
	Alt.4
	1. S1AP/X2AP signaling is carried in SRB that has high priority than DRB.

2. Signaling transmission latency can be guaranteed.

	Scalability
	Alt.1
	When there is a large number of RNs, MME and S-GW/P-GW have to establish and maintain a large number of connections with RNs.

	
	Alt.2
	The HeNB GW-like functionality in DeNB reduces the number of connections with MME and S-GW/P-GW.

	
	Alt.3
	When there is a large number of RNs, MME and S-GW/P-GW have to establish and maintain a large number of connections with RNs.

	
	Alt.4
	The HeNB GW-like functionality in DeNB reduces the number of connections with MME and S-GW/P-GW.

	QoS Control (per UE per bearer over Un)
	Alt.1
	Because DeNB is not aware of per UE bearer, QoS control per UE per bearer over Un is not supported.

	
	Alt.2
	QoS control per UE per bearer over Un cannot be supported.

	
	Alt.3
	Because DeNB is not aware of per UE bearer, QoS control per UE per bearer over Un is not supported.

	
	Alt.4
	DeNB is aware of per UE bearer, and QoS control per UE per bearer over Un can be supported.

	Idle to connected mode latency
	Alt.1
	1. Cannot meet LTE-Advanced requirement. 

2. Alt. 1 has highest latency.

	
	Alt.2
	Cannot meet LTE-Advanced requirement.

	
	Alt.3
	

	
	Alt.4
	

	Resolve head of line blocking
	Alt.1
	1. At least 2 DRBs and 2 new QCIs (i.e. high priority and normal priority) are required to handle non-UE associated and UE associated signaling for S1AP and X2AP.
2. Require expanding the pattern for matching in the SDF detection in the P-GW(RN) in order to support mapping multiple SCTP streams in the backhaul link into DRBs in the Un interface.

	
	Alt.2
	

	
	Alt.3
	

	
	Alt.4
	At least 2 SRBs (i.e. high priority and normal priority) are required to handle non-UE associated and UE associated signaling for S1AP and X2AP.

	New MAC
	Alt.1
	LCID needs to expand to accommodate at least 12 DRBs (i.e. OAM(1), S1AP/X2AP(2), QCI (9)).

	
	Alt.2
	

	
	Alt.3
	

	
	Alt.4
	LCID needs to expand to accommodate one-to-one mapping between Un and Uu.

	New RRC
	Alt.1
	Can reuse Rel-8 RRC.

	
	Alt.2
	

	
	Alt.3
	

	
	Alt.4
	New RRC is required to accommodate S1AP/X2AP forwarding 

	Impacts on Rel-8 EPC
	Alt.1
	1. New functionality should be added in Rel-8 P-GW and MME to support new mapping rule (e.g. P-GW(RN) has to decide on the UE bearer to RN bearer mapping and map different UEs with similar QoS into same RN bearer).
2. Operators have to update Rel-8 EPC nodes by either using unified pre-configuration among operators or defining new mapping rule. 
3. EPC of RN needs to distinguish the downlink IP packets to RN or to normal UE. 

4. New QCIs are required to handle S1AP/X2AP messages transferred in DRB.


	
	Alt.2
	1. New functionality should be added in Rel-8 P-GW and MME to support new mapping rule (e.g. P-GW(RN) has to decide on the UE bearer to RN bearer mapping and map different UEs with similar QoS into same RN bearer).

2. Operators have to update Rel-8 EPC nodes by either using unified pre-configuration among operators or defining new mapping rule.

3. New QCIs are required to handle S1AP/X2AP messages transferred in DRB. 

	
	Alt.3
	1. New functionality should be added in Rel-8 P-GW and MME to support new mapping rule (e.g. P-GW(RN) has to decide on the UE bearer to RN bearer mapping and map different UEs with similar QoS into same RN bearer).
2. Operators have to update Rel-8 EPC nodes by either using unified pre-configuration among operators or defining new mapping rule.

3. New QCIs are required to handle S1AP/X2AP messages transferred in DRB.

	
	Alt.4
	No impact on Rel-8 EPC.

	RN complexity
	Alt. 1
	1. Alt. 1 is mainly motivated for its potential transparent insertion in Rel-8 EPS, assuming “out of band” backhaul which requires RN device to support multiple RF chains. Therefore, cost is high.
2. Require RN terminating full GTP-U/UDP/IP and SCTP/IP (including IPsec) stack, on top of full RRC/L2 stack, which involves more processing requirements in RN than Alt. 4. This is motivated by re-using current eNB stack, so does not leave opportunity to simplify it.

3. Call for significant additional processing complexity in the RoHC. (For multi-hop scenario, the processing complexity is very high).
4. Major enhancements required for supporting multi-hop configurations (see “multi-hop supporting” item).

	
	Alt. 2
	1. Require RN terminating full GTP-U/UDP/IP and SCTP/IP (including IPsec) stack, on top of full RRC/L2 stack, which involves more processing requirements in RN than Alt4. This is motivated by re-using current eNB stack, so does not leave opportunity to simplify it.

2. Call for significant additional processing complexity in the RoHC. 
3. Major enhancements required for supporting multi-hop configurations (see “multi-hop supporting” item).

	
	Alt. 3
	1. Require RN terminating full GTP/UDP/IP and SCTP/IP (including IPsec) stack, on top of full RRC/L2 stack, which involves more processing requirements in RN than Alt4. This is motivated by re-using current eNB stack, so does not leave opportunity to simplify it.

2. Call for significant additional processing complexity in the RoHC. (For multi-hop scenario, the processing complexity is very high).
3. Major enhancements required for supporting multi-hop configurations (see “multi-hop supporting” item).

	
	Alt. 4
	1. Calls for new RRC features, which can be optimized to minimize RN complexity, no other complexity impact (analog, RoHC, other protocol termination).

2. Minor enhancements required for supporting multi-hop configurations. 

	Standardization
	Alt. 1
	Realizable in Rel-10, whose changes to Rel-8 include:
1. New MAC

2. New QCI for S1AP/X2AP over DRB

3. New header compression scheme 

4. New integrity protection for S1AP/X2AP over DRB

5. MME(RN) and P-GW(RN) 

6. SDF enhancement for S1AP/X2AP over DRB

	
	Alt. 2
	The local breakout functionality for embedded P-GW/S-GW depends on SA2 which is far away from mature. Alt. 2 is not realizable in Rel-10.

	
	Alt. 3
	The local breakout functionality for embedded P-GW/S-GW depends on SA2 which is far away from mature. Alt. 3 is not realizable in Rel-10.

	
	Alt. 4
	Realizable in Rel-10, whose changes to Rel-8 include:
1. New MAC

2. New RRC


Table 2. Summary table of comparison among alternatives 

	Category
	Items
	Alt. 1
	Alt. 2
	Alt. 3
	Alt. 4

	Overhead
	TNL overhead over Un (two-hop)
	Medium
	Medium
	Medium
	Low

	
	TNL overhead over Un

(Multi-hop)
	High
	Medium
	High
	Low

	
	New header compression
	Required
	Required
	Required
	N/A

	Security
	New S1AP/X2AP integrity protection
	Required
	Required
	Required
	N/A

	Flexibility
	HO Data forwarding optimization
	Impractical
	√
	Impractical
	√

	
	Multi-hop operation
	Impractical
	√
	Impractical
	√

	
	Scalability
	Impractical
	√
	Impractical
	√

	
	QoS Control (per UE per bearer over Un) (Two-hop)
	×
	×
	×
	√

	
	RN mobility (Two-hop)
	√
	Difficult
	Difficult
	√

	
	RN mobility (Multi-hop)
	Impractical
	Difficult
	Impractical
	√

	Latency
	GBR setup/update latency
	High
	Medium
	Medium
	Low

	
	Idle to connected mode latency
	Medium
	Medium
	Medium
	Low

	
	S1-MME signaling transmission latency
	Medium
	Medium
	Medium
	Low

	Specification Impacts
	Resolve head of line blocking issue
	√
	√
	√
	√

	
	New MAC
	Required
	Required
	Required
	Required

	
	New RRC
	N/A
	N/A
	N/A
	Required

	
	New QCI for S1AP
	Required
	Required
	Required
	N/A

	
	Modify S1AP (Two-hop)
	N/A
	N/A
	N/A
	N/A

	
	Modify S1AP (Multi-hop)
	N/A
	N/A
	N/A
	N/A

	
	New header compression scheme
	Required
	Required
	Required
	N/A

	
	New integrity protection on DRB
	Required
	Required
	Required
	N/A

	
	Impacts on Rel-8 EPC 
	MME (RN)
	Required
	Required
	Required
	N/A

	
	
	S/P-GW (RN)
	Required
	Required
	Required
	N/A

	
	Impacts on Rel-8 DeNB
	Major
	Major
	Major
	Major

	Standardization
	First standard (Fixed, two-hop)
	Rel-10
	Rel-11 or later
	Rel-11 or later
	Rel-10

	
	Further Enhancements

 (Mobile, multi-hop)
	Major revision
	Major revision
	Major revision
	Minor revision

	RN complexity


	Header compression complexity (Two-hop)
	Medium
	Medium
	Medium
	Low

	
	Header compression complexity (Multi-hop)
	High
	Medium
	High
	Low

	
	Un processing complexity
	High
	High
	High
	Medium


3. Conclusion

In this contribution, we compared 4 relay alternatives to determine the final relay architecture. From the comparison results, we can conclude that:

1. Only Alt. 1 and Alt. 4 are realizable in Rel-10 for fixed, two-hop Relay. However, Alt. 1, 2 and 3 require, altogether, significant standardization efforts in further enhancements and optimizations for fixed, mobile, two-hop and multi-hop relay; whereas Alt. 4 requires minimal standardization in further enhancements.
2. Alt. 1, 2 and 3 cannot perform per UE per bearer QoS control.

3. Alt. 1, 2 and 3 incur higher handover drop rate due to higher GBR setup/update latency with reduced RN cell radius.

4. Alt. 1 and Alt. 3 are not practical on multi-hop support.

5. Alt. 2 and Alt. 3 are not practical on RN mobility support.

6. Alt. 4 efficiently supports two-hop, multi-hop and RN mobility. RN that deployed in two-hop or multi-hop configuration has similar complexity.

From the comparison results, it is shown that Alt. 4 is the most efficient (i.e. lowest latency, and zero TNL overhead) and flexible (i.e. highly scalable, and full control of per UE per bearer) architecture among the 4 relay architecture alternatives, while incurring least standardization efforts for Rel-10 and further enhancements.
Proposal 1: Adopt comparison tables in this contribution in TR 36.806.

Proposal 2: Approve Alt. 4 as the final relay architecture.
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