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1 Introduction
In RAN2# 68bis meeting, “User plane impacts on Un interface” was discussed and the following conclusions were made in chairman notes:

“=>
Rough assumption is that same MAC mechanisms will exist as in Rel-89; main questions around SPS, and if/how RACH is handled in connected.”
In this contribution, we mainly focus on the SPS issues (but not just for the VoIP service) over the Un interface of TypeI Relay irrespective of the relay architectures.
2 Discussion

SPS in Rel-8 is a scheduling method, which is introduced to decrease the L1 control signalling overhead. And SPS is suitable for the services with fixed packet arrival interval, almost same packet size and especially rather small packet size, e.g. VoIP. However, the SPS resources can also be used to transmit the data rather than SPS data according to the logical channel prioritization procedure. In following sections, we analyze SPS over Un from following aspects: 1) the reducing L1 signalling overhead brought by SPS based on the relay deployment regulation; 2) Un service requirement for supporting SPS; 3) MBSFN configuration impact on SPS.
2.1 Consideration on RN deployment
The L1 control signalling gain is determined by the number of SPS users. In Uu interface, since there may be a lot of VoIP UEs especially around 9 p.m. when the network is in the heaviest burden [1]. However, if we want to know the potential L1 signalling overhead saved by SPS, we first need to investigate the maximum number of RN served by one carrier.
There are four types of Un transmission after the MBSFN subframe configuration is performed: 
1) Used only for one RN’s Un transmission; 
2) Used for both certain RN’s Un transmission and DeNB’s Uu transmission; 
3) Used for multiple RNs’ Un transmission; 
4) Used for multiple RNs’ Un transmission and DeNB’s Uu transmission. 
In case1 and case2, the R-PDCCH is only used for one RN, and quite little signalling overhead is expected to be saved. If one MBSFN subframe is multiplexed for multiple RNs’ Un transmission like case3 and case4, one crucial issue for this case is that this MBSFN subframe can’t be used for any RN’s Uu transmission. So, such configuration will reduce the potential available Uu resource when the network is in heavy load status. And in heavy load status, to certain RN, the data will be buffered in the RN and the corresponding delay will be increased in the cases of too much DL resource is allocated to Un as well as too much UL resource is allocated to Uu. This situation should be considered to determine how many Relays should be deployed, so that the resource allocation unbalance between Uu and Un interface can be avoided as much as possible. Since there are at most 6 MBSFN subframes available every radio frame, as the simulation assumption in [2], our simulation result show that the average spectrum efficiency ratio between Un and RN Uu is almost at 4:1 level. And, we can conclude that there are at most 3-4 RN can be deployed in one carrier.
Generally, the grant for RN in each subframe should be quite large when there is heavy traffic to be transmitted over Un, so the signalling overhead gain percentage can be expected to be small in this case. If the grant is small, that means not too much data needs to be transmitted, and no serious overhead will be caused due to the limited number of deployed RNs served by the same DeNB over identical carrier. In addition, one R-PDCCH signalling may assign resources for one or more subframes according to RAN1 discussion, accordingly, the signalling overhead is rather low than Uu. So, we see no obvious L1 overhead reduction by introducing SPS over Un.
Observation1: No obvious R-PDCCH signalling overhead can be expected over Un.
2.2 Service Requirement for SPS
If one-to-one RB mapping is supported in RN and SPS is adopted over Un, the SPS resource can be multiplexed by the RBs carrying the same service type, which equals to many-to-one RB mapping from this point of view. However, if SPS is applied to the multiplexed RBs carrying the same service type, the SPS efficiency may be quite different considering different number of multiplexed Uu RBs. Based on the assumption listed in Annex, a simulation was made to analyze how is the SPS characteristics over Un interface after combining several SPS services over Uu interface. In the simulation, we record the stable characteristics after SPS activation, for example, after the SPS activation/modification, the number of packets to be transmitted is n, and the lasting periods is m, and after m periods, the number of packets changes to n’, so new SPS activation(modification) is needed to override the old one, and after that the lasting periods of keeping n’ packets number is m’, …, obviously the longer the lasting periods are, the better of the SPS stable characteristic is. And Fig.1 shows the CDF of the lasting periods for Un SPS activation. And we can find that with the increase of multiplexed UEs, more signaling will be required for SPS resource activation/modification. And when there are 10 multiplexed UEs, only 3% SPS activation/modification periods will be controlled for more than 2s(20ms*100), while 62% SPS activation/modification will be controlled for more than 2s for Uu SPS service with 1 UE, the L1 signaling overhead when 10 UEs are multiplexed vary dramatically. Particularly, one RN may have different types of service being multiplexed for transmission, if the SPS allocation is not enough, dedicated R-PDCCH allocation is still needed to transmit the rest data in time, and no R-PDCCH resource is saved in this case. If enough resources are assigned when SPS activation irrespective the actual resource requirements, resources wastage will be caused over Un obviously, which limits the throughput over Un.
Observation2: If SPS is applied to the multiplexed SPS service over Un, no obvious L1 signalling overhead reduction can be expected.
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Figure 1 CDF of lasting Number of SPS periods
2.3 MBSFN Configuration Impacts
Besides subframe 0,4,5,9 in each radio frame, the non-MBSFN subframe over RN Uu can’t be used for Un transmission. If there are MBSFN subframes configured every 10ms, SPS can be reused over Un. If other SPS period is set, the Un SPS transmission will encounter the non-MBSFN subframe and no data could be transmitted, because the subframes available over Un interface will limit the SPS occasion/periods in certain MBSFN configurations, which is no good to promise Uu-Un resource balance.
Observation3: Legacy SPS may restrict the MBSFN configuration for balancing Uu-Un resource allocation.
3 Conclusion
In this contribution, we discuss the SPS issues over Un interface of TypeI Relay. Based on the above analysis, the legacy SPS mechanism may not need to be supported over Un of TypeI Relay.
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Annex Simulation Assumptions
Table 1 Simulation Assumptions
	Parameters
	Assumptions/Values

	DL/UL
	Un DL

	Latency when arriving in eNB
	80ms

	Jitter
	No

	SPS interval
	20ms

	Simulation time
	1000000ms

	Mean talk spurt duration
	5s

	Silence Packet
	No

	Voice Activation Factor
	0.5

	UE Number in one Relay
	1，2，3，5，10，15，20

	Statistics 
	CDF of lasting periods after SPS activation 
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