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1 Introduction
In RAN2 #55 meeting, an issue was raised whether grant split should be controlled by network, or by the UE based on eNB’s rules. In ITRI’s viewpoint, besides the criteria (complexity, conformance testing, etc.) listed in [1-2], the answer also depends on what QoS RAN2 decides to support.  For different QoS goals, the answer to the question may be different. In the next section, we discuss the issue in more details.
2 Discussion

There have been many UL scheduling proposals during RAN2 #53, #54, and #55 meetings. They can be classified according to how they share the grant (priority, bandwidth ratio, etc) and who determines the share of grant (UE or eNB) [3] at run time. Table 1 shows the classification of different UL scheduling based on this classification. Table 2 denotes each scheduling type. 
Table 1: Classification of different UL scheduling proposal.
	
	Priority Scheme
	Hybrid of Priority and Bandwidth Ratio Schemes
	Hybrid of Priority and Minimum Rate Schemes

	eNB-controlled split of grant
	Ericsson, Samsung, Lucent, NTT DoCoMo [4]
	Qualcomm [5], 
Lucent [6]
	

	UE-controlled split of grant based on eNB’s rules 
	
	ITRI [3]
	Vodafone [7]


Table 2: Denotation of different types of UL scheduling.
	
	Priority Scheme
	Hybrid of Priority and Bandwidth Ratio Schemes
	Hybrid of Priority and Minimum Rate Schemes

	eNB-controlled split of grant
	Type 1
	Type 2
	

	UE-controlled split of grant based on eNB’s rules 
	
	Type 3
	Type 4


UL scheduling is usually designed to meet certain QoS requirements for RBs. The QoS requirements may include starvation avoidance, GBR service support, delay, jitter and frame dropping rate guarantee, etc.
For different QoS requirements, distinct strategies are used to design UL scheduling. If RAN2 decides to support only starvation avoidance, type 1, 2, 3 and 4 are all candidates that satisfy the QoS requirement. But with the critea lists in [1-2], type 1 (e.g. eNB-controlled share of grant based on the priroity scheme) is a better solution due to its simplicity, low complexity, etc. 
However, if RAN2 decides to support both starvation avoidance and GBR services, type 2, 3, and 4 would  be better than type 1. From our standing, a GBR RB is a RB that provides a guarantee bit rate for the traffic source in the upper layer. The traffic source may be a constant or bursty traffic source, and it may alos be real-time or non-real-time traffic source. With bursty traffic sources, fig. 1 shows a scenario under which type 1 doesn’t fullfil the GBR requirements of RBs in a TTI, even thghout there are enough network reources to transmit GBR.
In Fig. 1, the green boxes represent the PDUs that must be transmitted in order to satisfy GBR requirement of a RB. The red boxes represent PDUs that can be transmitted only after all green PDUs are transmitted. In priority scheme, all green PDUs and red PDUs of GRB1 will be transmitted. The green PDUs of GRB2 and GRB3 have to wait for the next TTI, which may incur an extra delay. This is not desirable because the delay variance may increase especially when then network is in high traffic load status. This is not desirable for real-time traffic sources.
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Fig 1. UL scheduling in a TTI.

In UE-controlled split of grant (type 3 and type 4), UE is able to split the grant according to the buffer status, PDU queuing status, etc. Besides starvation avoidance and GBR service support, UE can schedule UL transmission to meet further delay, jitter, and dropping rate, etc. This provides more QoS supports than type 1 and type 2 scheduling (i.e. network-controlled split of grant).
3. Conclusion
In this contriubtion, we classify existing scheduling proposals into 4 types, discuss their QoS supports, and conclude:  
1. If RAN2 decides that LTE will support only starvation avoidance, type 1 scheduling is a better solution than type 2,3, and 4.
2. If RAN2 decides to support only starvation avoidance and GBR services, type 2 would be a better solution than other scheudling types.
3. If RAN2 decides to support starvation avoidance, GBR services, delay, jitter, and dropping rate, etc, type 3 and type 4 is a better solution.
For different QoS requirements, distinct strategies are used to design UL scheduling and thus have different complexity, overhead, etc. ITRI suggests that RAN2 defines the QoS goals for LTE UL scheduling first and then examines each proposal with QoS goals and the criteria list in [1-2]. The QoS goals of UL scheduling may consider the QoS profile passed from upper layer. 
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