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1. Introduction

This is a summary of the email discussion on downlink scheduling held over the email reflector. The primary purpose of the email discussion was to identify the salient points of the various proposals and discuss pros and cons. 
2. Discussion

The email discussion started off with a request from the rapporteur for more details for the individual proposals with the aim being to identify commonalities among the various proposals. Following this the email discussion focused on the salient points of the various proposals. 
There are essentially three categories of proposals: 

· one wherein dynamic scheduling, using L1/L2 control channel, is applied only for the initial transmission of a packet and retransmissions are not signalled;

· another relying on persistent allocation of time/frequency resources using L3 or L1/L2 with further variations including the use or lack thereof of L1/L2 for retransmissions,

· and, a third relying on an optimized L1/L2 control channel payload format being transmitted for scheduling both initial transmissions and retransmissions of a packet. 

Each category of proposals has multiple variations that have been proposed by different companies.
Pros and cons of various proposals have also discussed. The main differentiating aspects are in the following 

· L1/L2 overhead
· UE complexity, activity, battery
Based on comments during the discussion and documents submitted to the RAN WG2#57 meeting, it is the rapporteur’s belief that most companies participating in the discussion do agree that there is benefit in adopting a mechanism beyond dynamic scheduling to ensure that LTE is competitive in terms of spectral efficiency, especially in the context of basic services such as voice, and that there is a need to define ways to optimize the utilization of L1/L2 control. Some dissenting opinion on this has been expressed with the view that modifications in L1/L2 control configurations along with dynamic scheduling may be sufficient. 
Annex A Summary of Control Channel Signalling optimizations proposed for DL scheduling

I. Dynamic Scheduling for initial transmissions only

· Dynamic scheduling using the baseline L1/L2 channel format for initial transmission with no control channel being transmitted for retransmissions (synchronous HARQ with fixed pattern of resource, MCS, IR version etc. being applied)

II. Persistent Scheduling

1. L3 assigns persistent allocation, including preconfigured sub-sets of time-frequency resources and applicable MCS; No L1/L2 control channel for initial transmissions 

· Two options for retransmissions

A. L1/L2 Control channel transmitted for retransmissions (asynchronous operation allowed)
B. No L1/L2 control channel transmitted for retransmissions (synchronous operation for retransmissions)
2. L1/L2 assigns persistent allocation of time-frequency resource

· Characteristics (periodicity, HARQ RTT, number of retransmissions, etc) of persistent allocation signaled through L3;

· L1/L2 control channel used for reconfiguration of radio resource and MCS.

III. Optimized Control channel

· Optimized L1/L2 control channel used to schedule initial transmission and retransmissions

· Control channel optimization achieved by grouping UEs (multiple approaches have been proposed) - multiple UEs share group identity.
· Both asynchronous and synchronous HARQ operation possible

· Preconfigured reduced MCS, resource sub-space, etc. can be assigned using L3 signaling.

· Possible to signal MCS and resource assignment dynamically over optimized L1/L2 control channel.

All schemes permit the transmission of regular L1/L2 control channels for the purpose of scheduling data transmissions falling outside of the limited sub-set of time-frequency resources and MCS that the UE may have been potentially preconfigured with.

Annex B
Summary of Pros and Cons Discussion
	
	Scheme 1 (Dynamic Scheduling/sync. retx)
	Scheme 2(Control channel-less)
	Scheme 3 (Grouping)
	Comments

	Network/System Aspects

	Scheduling Flexibility
	
	
	
	.

	- Time Domain
	Limitation for retransmissions; DRX may be applied with attendant limitations
	To keep UE complexity to a manageable level need to impose limitations
	Baseline scheme has no limitation; synchronous HARQ has same limitation as others
	Overall no difference among the schemes

	- Frequency Domain 
	Possible
	Is possible with commensurate increase in complexity (i.e. more blind decoding)
	Restricted due to grouping; possible to identify start of sub-band for group
	- FSS requires narrow-band, frequent CQI reports; feasibility TBD

- Gains of FSS for small packets not obvious (no impact on capacity)

	
	
	
	
	

	- Power Control
	Can be applied to L1/L2 control
	Can be applied to L1/L2 control when transmitted.
	Joint coding means limited power control for L1/L2 but power shared across multiple UEs; 
	Can be applied to payload for all schemes

	Capacity
	Low
	No control channel limitations
	No control channel limitations
	Some variations of scheme 2 can result to low voice capacity since they rely on release of resources to data (non-voice) for full utilization.

	L1/L2 overhead
	High
	Low (based on BLER target); exploitation of TB flexibility requires increase in overhead.
	Lower than Scheme 1 but slightly higher than Scheme 2. 
	

	L1/L2 formats
	No new formats required
	New format required for “go-back-N” type scheme
	Required; however new formats easily detectable by UE due to identity specific format scheme
	Identity specific format => format detected by UE during CRC check; CRC masked with appropriate identity linked to format.

	Future Compatibility/Extensibility
	
	
	
	

	- TB Flexibility
	Full flexibility
	Increased TB flexibility would lead to increased blind decoding requirements on the UE
	More TB flexibility can be supported; with increased L1/L2 overhead as fewer UEs can be scheduled in each group
	In the limit Scheme 3 becomes Scheme 1

	UE Aspects

	Complexity
	Possibility for either sync. or async. retransmission leads to complexity
	Requires blind decoding; limitations need to be imposed to avoid blind combining
	No UE complexity
	

	Battery 
	Need to constantly monitor; DRX possible
	Increased activity due to blind decoding; micro-sleep not possible; DRX possible
	No increase in activity; micro-sleep savings possible; DRX possible
	Micro-sleep: ability to wake up just in time to read control channel and then go back to sleep after reading 2-3 symbols if not addressed in L1/L2.


