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Discussion and Decision
1
Introduction

RAN WG2 agreed to support persistent resource allocation scheme for LTE (targeted mainly for VoIP) in both downlink and uplink, and this has been captured in the Stage 2 TS [1]. However, some details regarding this persistent resource allocation scheme have not been decided yet. These issues are addressed in this contribution.

2
Discussion

2.1 DL persistent scheduling
2.1.1 Agreement captured in TS 36.300

The text from E-UTRA Stage 2 TS capturing the current agreements regarding DL persistent resource allocation is copied below.

In addition, E-UTRAN can allocate predefined downlink resources for the first HARQ transmissions to UEs. When required, retransmissions are explicitly signalled via the L1/L2 control channel(s). In the sub-frames where the UE has been pre-assigned resources, if the UE cannot find its C-RNTI on the L1/L2 control channel(s), a downlink transmission according to any pre-defined allocation that the UE has been assigned in the TTI is assumed. As a result, the UE performs blind decoding of the pre-defined resources (the subset of pre-defined resources shall be set in accordance to UE’s capability). Otherwise, in the sub-frames where the UE has been pre-assigned resources, if the UE finds its C-RNTI on the L1/L2 control channel(s), the L1/L2 control channel allocation overrides the pre-defined allocation for that TTI and the UE does not perform blind decoding of the pre-defined resources.

2.1.2 How does E-UTRAN allocate the predefined downlink resources?

As in section 2.1.1, E-UTRAN can allocate predefined DL resources for the first HARQ transmissions. However, how this predefine resource is allocated has not been decided. We consider two alternatives below: allocation by RRC and allocation by L1/L2 control channel.
We assume that allocation of predefined resources by RRC would have the following characteristics:

· Multiple sets of [TB size, modulation and PRB mapping] corresponding to persistent resource allocation are signalled to the UE e.g. at RB setup (i.e. it is hardly ever reconfigured during a session)
· UE performs blind decoding over all sets of [TB size, modulation and PRB mapping] that have been signalled
Table 1 below provides an example of the set of [TB size, modulation and PRB mapping] that might be configured, just for illustration.

Table 1 – Example sets of [TB size, modulation, PRB mapping] that might be configured for allocation by RRC

	Predefined resource index
	TB size
	Modulation
	Number of PRBs
	PRB mapping

	0
	40bytes
	QPSK
	8
	0, 3, 6, 9, 12, 15, 18, 21

	1
	
	
	
	1, 4, 7, 10, 13, 16, 19, 22

	2
	
	
	
	2, 5, 8, 11, 14, 17, 20, 23

	3
	
	
	4
	0, 6, 12, 18

	4
	
	
	
	1, 7, 13, 19

	5
	
	
	
	2, 8, 14, 20,

	6
	
	
	2
	0, 12,

	7
	
	
	
	1, 13

	8
	
	
	
	2, 14

	9
	
	16QAM
	1
	0

	10
	
	
	
	1

	11
	
	
	
	2


In the above example, only 1 TB size is configured, but 4 possible MCS are configured for the TB size, and 3 possible PRB mapping are configured per MCS, resulting in 12 blind decodes for the UE. With this example of a 40byte TB size (might be well suited for header compressed RTP packets), the resulting decoding throughput at the UE is 3.84Mbps.

The advantage of allocating by RRC is that the signalling is reliable. The disadvantage of allocating by RRC is that UE blind decoding complexity might be too high (since UE needs to perform blind decoding over multiple possibilities as frequent reconfiguration by RRC is not desirable). Before deciding to adopt this approach, RAN2 should discuss how many blind decodes (i.e. the number of possible TB sizes, the number of possible MCS per TB size, and the number of possible PRB mapping per TB size/MCS) and consider the required UE complexity.

On the other hand, we assume that allocation of predefined resources by L1/L2 control channel would have the following characteristics:

· A single set of [TB size, modulation and PRB mapping] corresponding to persistent resource allocation are signalled to the UE whenever necessary, e.g. at the beginning of talk spurts, when MCS should be changed, etc (i.e. reconfiguration can occur quite frequently)

· UE performs blind decoding only over the single set of [TB size, modulation and PRB mapping] that has been signalled

The advantage of allocating by L1/L2 control channel is that UE blind decoding complexity is very low. The disadvantage of allocating by L1/L2 control channel is that the signalling will be less reliable. However, the eNB scheduler can be designed to retransmit the persistent resource allocation when HARQ acknowledgement is not received in order to overcome the potential reliability issue, and this disadvantage may not be a crucial problem.

Proposal 1: RAN2 should clarify the UE blind decoding capability required to obtain the adequate performance with the RRC allocation method. If the required UE blind decoding capability with the RRC allocation method is feasible, adopt persistent resource allocation by RRC signalling. Else, adopt persistent resource allocation by L1/L2 control channel and indicate the decision to RAN WG1. 
2.2 UL persistent scheduling
2.2.1 Agreement captured in TS 36.300

The text from E-UTRA Stage 2 TS capturing the current agreements regarding UL persistent resource allocation is copied below.

In addition, E-UTRAN can allocate a predefined uplink resource for the first HARQ transmissions and potentially retransmissions to UEs. In the sub-frames where the UE has been pre-assigned resource, if the UE cannot find its C-RNTI on the L1/L2 control channel(s), an uplink transmission according to the pre-defined allocation that the UE has been assigned in the TTI can be made. The network performs decoding of the pre-defined PRBs according to the pre-defined MCS. Otherwise, in the sub-frames where the UE has been pre-assigned resource, if the UE finds its C-RNTI on the L1/L2 control channel(s), the L1/L2 control channel allocation overrides the pre-defined allocation for that TTI and the UE’s transmission follows the L1/L2 control, not the pre-defined allocation. Retransmissions are either implicitly allocated in which case the UE uses the pre-defined allocation, or explicitly allocated via L1/L2 control channel(s) in which case the UE does not follow the pre-defined allocation.

2.2.2 How does E-UTRAN allocate the predefined uplink resource?

As in section 2.2.1, E-UTRAN can allocate a predefined UL resource for the first HARQ transmissions. However, how this predefine resource is allocated has not been decided. For uplink, since resources allocated to a certain UE cannot be utilized by another UE when it is not used, talk spurt based resource allocation would be necessary. This implies that reconfiguration of persistent resource allocations can occur quite frequently, and allocation by RRC signalling does not seem to be an appropriate solution. Instead, allocation should be performed by L1/L2 control channel.

Proposal 2: Adopt persistent resource allocation by L1/L2 control channel and indicate the decision to RAN WG1. 

2.2.3 Persistent resource release at talk spurt -> silent period transition
When persistent resource is allocated for VoIP talk spurts, the resource should be released when the talk spurt ends and transition to silent period occurs in order to avoid unutilized UL resources. In order to support such operation, eNB needs to detect the transition to silent period and a mechanism for UE to release the allocated persistent resource needs to be defined.

As a way to notify the eNB of a transition to silent period, it is proposed to use the buffer status report. It is proposed to define the following trigger for a UE to transmit a buffer status report:

· UE triggers a buffer status report when it has UL-SCH resources allocated, but does not have enough data to fill the allocated TB size.

This trigger is expected to be necessary regardless of persistent scheduling as discussed in [2]. When transition from talk spurt to silent period occurs, the UE will not have any data to transmit over the allocated persistent resource for talk spurts, and therefore the UE will transmit a buffer status report indicating that it has no more data. When eNB receives this buffer status report indicating that the UE has no more data, it can decide to release the persistent resources allocated for this UE. As for the UE, it should determine that the allocated persistent resource is no longer valid when it transmits a buffer status report indicating that it has no more data in its transmission buffer.

Proposal 3: eNB can detect transition from talk spurt to silent period by normal buffer status report transmitted from a UE in order to release the allocated persistent resource. UE should determine that the allocated persistent resource is no longer valid when it transmits a buffer status report indicating that it has no more data in its transmission buffer.

2.2.4 Persistent resource allocation at silent period -> talk spurt transition
When a silent period ends and transition to VoIP talk spurt occurs, eNB should allocate persistent resource for the talk spurt. In order to support such operation, eNB needs to detect the transition to talk spurt.

As a way to notify the eNB of a transition to talk spurt, it is proposed to use the buffer status report. It is proposed to define the following triggers for a UE to transmit a buffer status report:

· UE triggers a buffer status report when data arrives in a previously empty transmission buffer.

· UE triggers a buffer status report when data of a higher logical channel than data already buffered arrives.

These triggers are already supported in EUL, and are expected to be necessary regardless of persistent scheduling as discussed in [2]. When eNB receives a buffer status report indicating that a data amount equivalent to a RTP packet size exists in the VoIP radio bearer, the eNB can decide to allocate persistent resources for the talk spurt.
Proposal 4: eNB can detect transition from silent period to talk spurt by normal buffer status report transmitted from a UE in order to allocate persistent resources for talk spurts.
3
Conclusion
Some open issues regarding persistent scheduling in LTE were addressed in this document and the following are proposed:

Proposal 1: RAN2 should clarify the UE blind decoding capability required to obtain the adequate performance with the RRC allocation method. If the required UE blind decoding capability with the RRC allocation method is feasible, adopt persistent resource allocation by RRC signalling. Else, adopt persistent resource allocation by L1/L2 control channel and indicate the decision to RAN WG1. 

Proposal 3: eNB can detect transition from talk spurt to silent period by normal buffer status report transmitted from a UE in order to release the allocated persistent resource. UE should determine that the allocated persistent resource is no longer valid when it transmits a buffer status report indicating that it has no more data in its transmission buffer.

Proposal 4: eNB can detect transition from silent period to talk spurt by normal buffer status report transmitted from a UE in order to allocate persistent resources for talk spurts.
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