3GPP TSG-RAN-WG2 Meeting #55
Tdoc R2-062770
Seoul, Korea, 9th-13th October 2006
Title:



UL Scheduling Based on Share Combination Selection
Source:


ITRI
Agenda Item: 
13.1
Document for:
Discussion and Proposal
Introduction
In the RAN2 #54 meeting, UL scheduling was discussed [1-5] and criteria were listed for a potential starvation avoidance solution. In ITRI’s point of view, besides starvation avoidance, it is also important for UL scheduling to adapt to varying traffic conditions in order to achieve QoS requirements of RBs. In this contribution, ITRI discusses and suggest that LTE considers the use of a share combination selection which not only provides the network operator the control of resource sharing among RBs but also adapts the sharing to different traffic patterns. 
Discussion
The UL scheduling could be roughly classified by two dimensions. The first dimension relates to methods of sharing a grant among RBs. A grant can be shared via a priority-based method [1, 4, 5], a grant-split-based method, or a hybrid method [2, 3]. The second dimension relates to the entity which decides the size of share of RBs, in terms of priority or fraction of grant. The eNB may directly instruct an UE which share to be used; however, since eNB may not have the latest buffer information, it might not be able to make accurate scheduling decision to meet RBs' QoS. With the current working assumption of per-RB group reporting, eNB will never know the buffer status of a RB. However, if the UE is allowed to completely decide the size of a share, the network operator may lose its control over QoS and the UE conformance testing may be difficult. To take the advantages of both methods while avoiding their drawbacks, the eNB could assign a share combination table to an UE. 

Each RB is assigned a share, in terms of a priority or a fraction of grant. The combination of shares of different RBs forms a share combination (SC). The eNB assigns a share combination table to an UE. Whenever given a grant, UE performs share combination selection to choose a proper SC according to the current traffic condition. For example, we may use the buffer status and starvation status of RBs to choose a SC. 
The share combination selection can be implemented in a simple way. Continuing with the previous example, UE may maintain two vectors, called buffer-status vector and starvation-status vector. In buffer-status vector, a bit indicates whether the buffer of the corresponding RB is empty or not. Similarly, in starvation-status vector, a bit indicates whether the corresponding RB is not been served (i.e., its data are not transmitted) for a pre-defined time. UE use the vectors as indexes to look up share combination table. If more than one SC can be selected, UE may choose any one of them. 
Table 2 and Table 3 summarize the pros and cons of the proposed method, using the criteria proposed in [1] and in the email discussion on the issue of LTE Uplink Prioritisation, respectively.  

Table 2 
	Solution
	Signalling (Note 1)
	UE Complexity
	UE conformance testing
	Operator control over QoS
	Adaptability to varying traffic patterns

	RB Prioritization from eNodeB
	Low (Note 2)
	Low
	Simple
	Yes
	Partly (Note 8)

	Predefined priority schedule
	None
	Medium
	Simple
	Partly (Note 6)
	No

	Configured minimum rate
	Low (Note 3)
	Medium (Note 4)
	Medium
	Partly
	No

	Configured maximum rate
	Low (Note 3)
	Medium (Note 4)
	Medium
	Partly
	No

	UE implementation
	None 
	High (Note 5)
	Difficult
	May be difficult across UE of different types / vendors
	Yes

	Share combination selection
	Low 
	Medium
	Medium
	Partly
	Yes


Table 3
	Criteria
	Priority order alteration patterns
	Grant Splitting
	Different priorities < GBR, between GBR and MBR and > MBR
	Split of absolute priority RB’s & BW sharing RB’s
	Split of GBR and non-GBR RB’s
	Share combination selection

	Prevent starvation of a lower priority RB
	+
	+
	+++
	++
	++
	+++

	Work on a small timescale of e.g. 25ms
	+
	+
	+
	+
	+
	+

	Limited signalling overhead
	+
	+
	++
	+
	+
	+

	Easy implementation
	++
	+
	---
	--
	--
	+

	Testeability
	+
	+
	-
	-
	-
	+

	Scalability
	+
	+
	++
	+
	+
	+

	Additional characteristics
	+ small grant variations can be handled by timing of scheduling commands 

- signaling may be required in case of larger grant changes
	- signaling may be required in case of larger grant changes
	+ should ensure “optimal allocation” in all cases (?)


	+ due to the possibility to change bandwidth share based on buffer status, more tolerant to grant changes and changes in radio conditions
	+ due to the possibility to change priorities based on buffer status, more tolerant to grant changes and changes in radio conditions


	

	
	- relative distribution amongst RBs somewhat dependant on instantaneous radio conditions
	
	
	
	
	

	
	- less RLC overhead due to RB prioritization in a TTI
	- more RLC overhead due to fragmentation of resources within TTI
	- more RLC overhead due to fragmentation of resources within TTI
	- more RLC overhead due to fragmentation of resources within TTI
	- more RLC overhead due to fragmentation of resources within TTI
	


Summary
In this contribution, ITRI suggests that LTE adopts the share combination selection in its UL scheduling. In this mechanism, eNB will assign a share combination table for each UE. Whenever resources are granted, the UE performs share combination selection according to the current traffic conditions. The eNB has the control of contents of share combinations by setting a share for each RB in a share combination and the share combination selection is also adapted to varying traffic pattern.
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