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1.
Introduction
In previous RAN2 meetings, methods to perform scheduling for downlink and uplink have been discussed in various contributions. At RAN2#56bis it was agreed that dynamic scheduling should be used as a baseline in downlink and that further optimizations should have a clear gain in order to be considered. The various scheduling proposals presented by different companies where grouped into four categories:
· Dynamic scheduling (baseline) 

· Dynamic with specific improvement (fr VoIP) when there are a limited number of TB sizes

· Persistent scheduling

· Semi-Dynamic within a persistent resource group and with grouping of UEs with a common Group-RNTI

A summary of the main aspects of the proposals will be provided in the email discussion [1]. 

In this document we compare the four groups of proposals on a high level and identify relevant issues to consider in the discussion.
2.
Discussion on the four groups of solutions
2.1
Dynamic scheduling (baseline) 

It has been agreed that dynamic scheduling is the base line solution for downlink scheduling in LTE and that other schemes need to be evaluated against dynamic scheduling. This is natural since dynamic scheduling has several attractive properties.

· It provides efficient resource usage for the payload transmission since it allows frequency selective scheduling, fast link adaptation (adapting the resources to the varying radio conditions) and packet bundling 

· It allows unused resources (e.g. at silence periods or when no HARQ retransmissions are needed) to be allocated for other users

· It is general and can be used for all types of services in both downlink and uplink

The drawback with dynamic scheduling is the control channel overhead needed. For the uplink, a grant is needed for every VoIP packet (every 20 ms) during voice activity and once every 160 ms during silence periods.
The VoIP capacity using dynamic scheduling is limited by both the resource usage for the actual payload (VoIP frames) and the control channel overhead necessary to perform the scheduling . It has been agreed in RAN1 that up to 3 OFDM symbols can be used to carry a number of separately coded control channels for scheduling. A reasonable configuration could be to use 2 OFDM symbols which would allow to have roughly 4 downlink and 4 uplink control channels
.  This implies that 4 grants and 4 assignments can be transmitted per TTI.
Dynamic scheduling of VoIP users is an illustrative example of the restrictions that the control channel gives. In an approximation each VoIP user requires either a scheduling grant or a scheduling assignment every 20 ms depending on if the UE is transmitting or receiving (corresponds to a voice activity factor of 50%). The supported number of VoIP users under these assumptions is shown in the table below.

	Control channel overhead
	1 VoIP frame per TTI
	2 VoIP frames per TTI (bundling)

	2 OFDM symbols
	160 users
	320 users


Table 1
Supported number of VoIP users in 5 MHz with dynamic scheduling (only considering control channel overhead)
2.2
Dynamic with specific improvement (for VoIP) when there are a limited number of TB sizes
One proposal to optimise the dynamic scheduling (primarily for VoIP) has been presented in [2] and [4]. The scheme is here called semi-persistent scheduling which is also used in [2]. For this scheme it is necessary to distinguish between downlink and uplink operation.
NOTE: The scheme described in this document for uplink differs from the schemes proposed in [2,4] which only considered downlink operation.

2.2.1
Possible downlink operation
In downlink the scheme in [2] is very similar to HS-SCCH less operation adopted for HSDPA. It relies on a number of time/frequency resources being preconfigured by the network
. The network can send data on one of the preconfigured resources without any control channel information for the first transmission, whereas retransmissions are scheduled dynamically. The scheme has some promising properties:

· It significantly reduces the control channel overhead compared to dynamic scheduling

· Resources can still be freely allocated for retransmissions applying asynchronous HARQ, avoiding problems with resource fragmentation that is present with persistent scheduling using synchronous HARQ [6].

· A limited link adaptation can be used (selection between a few formats)

· It can be combined with dynamic scheduling such that uncommon packet sizes (e.g due to ROHC header size variations), or extreme radio conditions can be handled by occasional explicit (dynamic) assignments
· The resource allocation can be kept also during silent periods and the resources can anyway be utilized for other users

Since the scheme can be combined with dynamic scheduling it should be sufficient to only pre-configure a few time/frequency resources. If none of the pre-configured resources is suitable for the particular VoIP packet e.g. due to an occasional uncompressed packet being sent or an extreme radio condition this can be handled by using an explicit assignment for that TTI, overriding the pre-configured resource.
The savings in control channel overhead compared to dynamic scheduling depends on the fraction of packets that require retransmission. If 20% of the packets require retransmissions, only 20% of the control channel overhead is needed.  The corresponding capacity is estimated in section 2.2.3

2.2.2
Possible uplink operation:

In uplink it is not as straight forward to adopt a solution similar to the HS-SCCH less operation. The main idea is however the same, i.e. to have one or a few resources pre-configured that a UE can use for the first transmission of data and explicitly schedule the HARQ retransmissions through dynamic scheduling.

In the uplink the scheduler preferably should be made aware of silent periods and active voice periods since it would be inefficient to keep pre-configured resources every 20 ms during silence periods (the pre-configured but unused resources in uplink can not be used by other users as in the downlink). One solution is that the network is made aware that a voice burst starts through the normal buffer report mechanism. Silence periods does not need to be explicitly signalled, instead the scheduler can detect that no transmission has occurred during a given time and de-allocate the pre-configured resources. When the UE needs to send the first SID frame it will send a scheduling request followed by a buffer report and the network can setup new pre-configured resources with size and frequency suitable for the SID frames.
Since the frequency of transmitted packets varies between voice bursts (every 20 ms) and silence periods (every 160 ms). The preconfigured resources should thus be changed when a voice burst starts and ends. The reconfiguration includes a change in supported packet size.

However, the vast majority of the voice packets and SID frames have the same size (see appendix 1). It could therefore be feasible to have only one pre-configure transport block size. This would would reduce the complexity in the eNB since blind decoding is avoided. Allowing several uplink formats and rely on blind decoding in the eNB requires extensive processing in the case of many users (which is the case where control channel overhead is an issue). Occasional packets that are larger than the pre-configured resource e.g. due to full header being sent are handled by explicit grants.
Potentially frequency diversity can be achieved by pre-configuring (via RRC) a pattern where the resource can be located in different sub-band for each transmission but there is only one format possible in a certain TTI. 
2.2.3
Capacity of the control channel
Using the same assumptions as in section 2.1 with 4 downlink and 4 uplink control channels and assuming that 20% of the users needs retransmissions, the resulting capacity of the control channel becomes 800 users. The real capacity of the system is clearly much lower and is limited by the resources needed to transmit the payload to the users. Even with a single OFDM symbol used for control channels the number of users supported by the control channels (around 400) is so large that a higher capacity can not be reached by reducing the control channel overhead further.

2.3
Persistent scheduling

The idea behind persistent scheduling is to pre-allocate resources on a slow basis. Transmission and/or reception opportunities are configured via e.g RRC once every 20 ms. A scheme that does not consider silence periods would be very inefficient and we therefore assume that the eNB changes the pre-allocated resource every time a talk burst or silence period starts (the mechanism for this would need to be investigated further).

The benefit with persistent scheduling is that the control channel overhead could be reduced even further than for semi-persistent scheduling since scheduling grants or assignments are not needed at all. Capacity wise this would however not give any gain over semi-persistent scheduling since the capacity already with semi-persistent scheduling is not limited by the control channel overhead.

In the downlink the jitter in the incoming voice packets leads to that some packets can not be transmitted in the “intended” TTI and the packet must be delayed to a future TTI. This means that packet bundling of at least 2 frames would be beneficial in downlink which is not supported by the persistent scheduling (unless the pre-configured resource can carry 2 voice frames which would steal capacity). Persistent scheduling also implies synchronous HARQ, leading to resource fragmentation as discussed in [6].

The lack of link adaptation also gives a capacity loss which means that the capacity of persistent scheduling is estimated to be lower than for semi-persistent scheduling. The properties can be summarized as:
· No or very limited control channel overhead

· No link adaptation for individual packets (but the resource can be reconfigured between active periods and silence periods or when the codec mode is changed)

· Only synchronous HARQ with risk for resource fragmentation [6]

· Resources for HARQ retransmissions need to be reserved leading to loss in capacity

2.4
Semi-Dynamic within a persistent resource group and with grouping of UEs with a common Group-RNTI

The semi-dynamic scheduling is in essence dynamic scheduling where the necessary control channel information for assignments and grants have been optimized. This is achieved by pre-configuring a set of resources (and modulation schemes, code rate) via RRC signalling. The L12 control channel overhead is further reduced by grouping such that a group ID is used to address a set of users. When a user is scheduled the scheduling grant or assignment only need to indicate an index to the previously pre-configured resources. This gives some interesting properties:

· The control channel overhead is significantly reduced compared to dynamic scheduling 
· A limited link adaptation can be used (selection between a few formats)

· Resources can still be freely allocated for retransmissions applying asynchronous HARQ, avoiding problems with resource fragmentation that is present with persistent scheduling using synchronous HARQ [6].

· Depending on if DRX is applied the transmissions can be done in arbitrary TTIs (channel dependent scheduling)

· The same pre-configured resources can be kept both for voice bursts and silence periods since the inter-arrival time of the packets is not part of the configuration

· Avoids blind decoding which is complex especially in the uplink

As discussed in [5] it is reasonable to reduce the needed L12 control channel information such that 4 grants or assignments can be transmitted on each control channel.  Using 2 OFDM symbols for control channels as in section 2.1 this corresponds to that the control channel can support 640 users. Even with 1 OFDM symbol (around 320 supported users) the capacity will not be limited by the control channel overhead but by the resources needed to carry the payload.
3.
Conclusion
Based on this discussion we think that the control channel overhead is the limiting factor for the capacity in dynamic scheduling unless the maximum 3 OFDM symbols are used for control channels or packet bundling is used. Semi-persistent scheduling or semi-dynamic scheduling with grouping are two feasible alternatives to limit the control channel overhead such that the capacity is not limited by the control channels. We don’t think that persistent scheduling is a feasible solution for VoIP due to the inability to handle variations in packet arrivals and lack of link adaptation.
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Appendix 1 Statistics of packet size variations
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Figure 1 Statistics of packet sizes after ROHC compression for a VoIP call






























































































































































































































� Assuming rate 1/3 coding, QPSK modulation and 40-45 bits per control channel


� Different alternatives are possible for how the pre-configuration is done but we here assume that this is done through RRC signaling
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