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1. Introduction

In R2-061920 (Ref ‎[1]), NTT DoCoMo suggest a Persistent Scheduling scheme as a means to overcome the limitations of the L1/L2 signalling channel, specifically in the case of VoIP. NEC believes the scheme can be enhanced.

For simplicity, we only show downlink allocations on the diagrams.

2. Persistent Scheduling

2.1 Summary of the concept

RAN1 have debated the design of the L1/L2 signalling channel for the DL-SCH. Whatever the approach, the signalling channel does not have much capacity and according to ‎[1], it could only address a maximum of 4 UEs per sub-frame (across a 10 MHz band). This justifies the use of additional schemes to assign relatively small amounts of resources to UEs. Persistent Scheduling is one of them.

Persistent Scheduling is achieved by some L3 signalling defining a static allocation for some length of time.

In the following, we assume Persistent Scheduling is applied to one VoIP connection.


[image: image1.emf]Persistently scheduled DL allocation 

(not indicated within the L1/2 control

channel).

Size suitable for “normal” VoIP packet.

DL frequency

time

TTI

20 ms

Packets may need to be

repeated.



double capacity

required now and again.

But packets vary a little in

size (header compression)



more capacity required

from time to time.


Figure 1 - Illustration of Persistent Scheduling for VoIP

.

2.2 Limitations of Persistent Scheduling alone

In this original form, Persistent Scheduling is appropriate for services, which require a steady, low rate, such as voice. Even in that case, from time to time, a slight variation may be required and the allocated capacity may or may not include capacity for repeats. So the scheme has to be complemented by dynamic scheduling.


[image: image2.emf]Persistently scheduled DL allocation 

(not indicated within the L1/2 control

channel).

Size suitable for “normal” VoIP packet.

DL frequency

time

TTI

20 ms

Additional resource

scheduled by L1/2 

control channel

Hence the UE must monitor

L1/2 opportunities within the 

otherwise sleeping period.

L1/2 capacity is used,

reducing its ability to 

schedule resources to 

other UEs.


Figure 2 - Persistent Scheduling complemented by L1/L2 allocation

It is apparent that, in order to provide some dynamic flexibility, 

· the UE is forced to read the L1/L2 continually, which limits its battery saving to micro-sleep. 

· Also, it competes with the other UEs for additional scheduling via the L1/L2 (in terms of its signalling resources).

Alternatively, the persistent allocation could simply be larger. This would imply waste which could be reduced by sharing the capacity between several mobiles. See Ref ‎[2] by Motorola.


[image: image3.emf]DL frequency

time

10 ms

Motorola (R2-061994): 

(larger) capacity can be shared 

with multiple UEs, repeats being 

statistically spread.

10 ms

Persistently scheduled DL allocation. 

Oversized to cover variations.

TTI


Figure 3 - Persistent Scheduling providing for repeats

3. Proposal of Data-Embedded Scheduling

3.1 Combining Persistent Scheduling with Data-Embedded Scheduling

This scheme assumes that the UE has already been assigned some semi-static resources, preferably by means other than the L1/L2 signalling channel, e.g. Persistent Scheduling provided by L3 signalling. This assignment has the following characteristics:

· It carries predominantly data (VoIP).

· The UE expects to find control information within the payload delivered to the MAC, i.e. a new MAC layer format has to be defined.

· Additional resources are scheduled via this control information when required.

· The data embedded control information is minimal when no additional resource is required: e.g. a single bit.

· When additional resources are required, the data embedded control information is  of category 1 (see Ref ‎[3]) and shortened further by omitting the recipient’s identifier: the assignment applies to whichever UE is already reading it.

As a result:

· The persistent allocation need not be much larger than the minimum requirement.

· Additional Resources can be dynamically allocated  to requirements without any impact on the L1/L2, free to schedule resources for other UEs.

· The UE does not need to monitor the L1/L2 for extra resources; it can therefore sleep between the persistent allocations (assuming it is coordinated with a DRX cycle) and, if instant scheduling is used (additional allocation within the same TTI), the UE never needs to stay awake beyond the normal DRX periods. 
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Figure 4 – Proposal showing “Instant Scheduling”

3.2 Benefits of Data-Embedded Scheduling

Benefits:

· Resource allocation meets requirements without much waste.

· Doesn’t consume any of the scarce L1/L2 scheduling resources, which is most significant for relatively small allocations, such as for VoIP.

· Is DRX friendly; particularly with instant scheduling.

· The embedded control information is variable in size and omits the implicit recipient identifier.

Issues:

· The control information scheduling additional resources isn’t any more reliable than the data itself.

· The additional scheduling control information is decoded relatively late; hence memory is required to store data in non demodulated form over a TTI. 

4. Conclusion

In this contribution, we have described a scheduling method based on scheduling information outside of the L1/L2 signalling channel, extracted from already allocated resources, after PDU decoding, and possibly assigning resources within the sub-frame already “read” but only partially processed.

NEC kindly requests RAN2 to consider this proposal for approval and inclusion in LTE stage 2 technical specifications.
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