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Introduction

In the WCDMA Release 6 specifications, channel sensitive scheduling for the downlink is supported and is an important means of improving cell throughput, user throughput, fairness and QoS handling. Downlink scheduling is supported in the Release 5/6 specifications via the downlink HS-SCCH channel, which carries scheduling, AMC and HARQ information and the uplink HS-DPCCH, which carries channel quality and HARQ information. For the OFDMA LTE, scheduling is likely to also play an important role in achieving system performance objectives. This paper discusses some issues that might be taken into account in considering downlink scheduling and sketches out the signalling overhead that might be required.

Users served by scheduling
In general, as many users as possible should be served by fast channel sensitive time/frequency scheduling in the downlink to maximise system performance. However signalling constraints may to some degree reduce flexibility and there are some users that might not benefit as much from such scheduling; for example users moving at faster speeds.

For this reason, a frequency localised channel, for scheduled users and a frequency distributed channel, for users that are not subject to channel sensitive scheduling should be supported. A discussion on multiplexing of these two channels is presented in [1].

Channel quality information

In HSDPA, channel quality information is indicated by means of the terminal measuring SIR on the primary CPICH and indicating a CQI in uplink. Since the CPICH is wideband, the interference on the CPICH is not expected to vary much faster than the variation of the fast fading channels from the wanted signal and interferers.

In a scheduled OFDM system, the instantaneously utilised bandwidth for a particular terminal is typically narrower than the system bandwidth. This might lead to the interference seen by a terminal varying much more rapidly than the fading channel variation due to the scheduling of power in the same band to other users by interfering basestations. Hence a CQI measurement based on Ec/Ior might be much more susceptible to rapid variation than is the case for WCDMA.

Strategies that might be employed for reducing the variation in channel quality reports might include interference mitigation techniques, which aim to reduce the amount of intercell interference relative to thermal noise and hence the variation and scheduling over longer durations than 0.5ms, which might increase the probability of the interference remaining the same between the time of a CQI report and the time of a terminal making a scheduled transmission.
For frequency selective scheduling, ideally CQI information should be known separately for each possible chunk. To reduce signalling overhead, such information might be transmitted in only some of the chunks. A technique for reducing the overhead associated with CQI signalling is discussed in [3]. Note that even for non frequency selective scheduled users, a wideband CQI might be required for power control and/or AMC selection.

Obviously, the latency between a terminal making a CQI measurement and receiving a related scheduling allocation should be minimised as much as possible.

Scheduling time resolution

The minimum TTI length set for the E-UTRA study item is 0.5ms. However for slower users, the coherence time of the channel is likely to be larger than this; note that in HSDPA the scheduling duration is 2ms. Hence in order to reduce the amount of signalling overhead and to attempt to achieve a more stable level of intercell interference, the possibility of scheduling users for periods longer than 0.5ms should be considered. Note that scheduling users for periods of >0.5ms need not imply a longer TTI; the TTI length and HARQ can operate independently of the scheduling commands. In principle, AMC could also be operated independently of the scheduling. However if the channel is assumed to remain reasonably constant over the scheduling duration, and especially if CQI is reported less often due to the lower scheduling frequency and to reduce UL signalling overhead, it might also be reasonable to assume that the AMC can remain valid for longer periods of time.
For faster moving users, and to avoid decreasing flexibility of the scheduling, the possibility of scheduling grants lasting for 0.5ms should in any case be allowed for.

Scheduling frequency resolution

In [2], it is suggested that the frequency resolution for the scheduling should be one of {225, 300, 375, or 450 kHz}. In previous contributions, it has been suggested that around 300-600 kHz is optimal from a scheduling point of view. However when signalling overhead is taken into account, some contributions have suggested that a larger chunk size should be considered, in addition to TDM within frequency chunks within a subframe to allow for low payloads.

Since increasing the frequency resolution can give scheduling gain, whereas increasing the time resolution beyond 0.5ms cannot, it would seem more reasonable to keep the minimum time duration for scheduling as 0.5ms, but maximise the frequency resolution to allow for low payloads. Thus we suggest a chunk size of 0.5ms * 375kHz be considered for downlink [2].

Downlink signalling for scheduling

The following tables summarise an outline of the downlink signalling that is required for supporting scheduling, HARQ and AMC. The information has been split into 2 parts; information that is essential every TTI and information that might be transmitted with a lower frequency than every TTI; transmitting such signalling with a lower frequency will allow for a reduction in signalling overhead.

	Parameter
	Approx Size
	Comments

	HARQ information
	3-8 bits
	RSN/Process ID etc. as necessary. It is assumed that the HARQ information is located at a known position in the scheduled resource


Table 1 DL scheduling/AMC/HARQ information sent every TTI per UE along with approximate estimates of the sizes of the information
	Parameter
	Approx Size
	Comments

	UE ID
	16 bits at most, significantly less if shorthand-ID of the (active) users in a cell is assigned
	Required for identifying the terminal for which a scheduling allocation is indicated


	Scheduling allocation
	3-6
	Indication of assigned resource chunks. 
Following the proposal in [1], this information is implicit; although according to [1], a “number of consecutive chunks” field of 3-6 or so bits might be introduced.

Otherwise, these may be either a range or specified individually. For a range, assume 7 bits to indicate start chunk and 7 bits to indicate amount of allocated chunks
Can be overridden if new scheduling information is received before the old information expires.

	Scheduling Duration
	3-4 bits
	Indication of the duration of a scheduling allocation

	TFCI
	5-8 bits
	Indicates coding/modulation used. If not transmitted and UE is still scheduled, UE assumes that the same TFCI as for the previous transmission is used.


Table 2 DL scheduling/AMC/HARQ information that is not necessary in every TTI per UE along with approximate estimates of the sizes of the information
Table 3 indicates information that is necessary in uplink for supporting downlink scheduling: Note that this information might not be necessary in every TTI; CQI can be sent less often since the coherence time of the channel is likely to be much greater than 0.5ms, whilst ACK/NACK need only be sent when a DL transmission is made.
	Parameter
	Approx Size
	Comments

	UE ID
	16 bits or less
	May not always be necessary if the position of HARQ/CQI information can be derived from some know relationship with the scheduling allocation.

	CQI
	0.5-3 bits per chunk per subframe depending on chunk size and reporting frequency; see [3].
	Indication of channel quality for N chunks.

	ACK/NACK
	1 bit
	


Table 3 UL information required for DL scheduling along with approximate estimates of the sizes of the information
Location of scheduling information

Following the proposal in [1], it is suggested that UE ID, “number of consecutive chunks” (i.e. scheduling allocation), scheduling duration information is located in the first (or possibly first/second) OFDM symbols of at least one of the chunks (either distributed or localised) that have been allocated to a terminal at the beginning of a scheduling allocation. If the terminal is allocated more than one chunk, or an allocation for several TTIs the first/second OFDM symbols in all of the remaining chunks can be used for data.

The TFCI and HARQ information should, according to [1] be located within the scheduled resource at a known location (and have a known modulation/coding format).
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Figure 1 Resource allocation and signalling. In this example, a user is allocated 2 chunks in 3 subframes. The resource indication is made in the first symbol of the first allocated chunk, as described in [1]. The TTI is 1 subframe and the TFCI/HARQ information is included every TTI. Otherwise all of the remaining allocation is reserved for user data. Although depicting a localised allocation, the principle can equally be applied to distributed resource allocation.
Conclusion

For efficient downlink scheduling, principles similar to those used for Release 5 HSDPA should be considered. However a few additional E-UTRA considerations should be taken into account:

· The possibility to support both scheduled users with a localised resource allocation and non frequency scheduled users with a distributed allocation should be considered.
· Scheduling for more than one TTI, at least for slow moving or distributed users, might reduce signalling overhead.
· The minimum time duration for scheduling should be 0.5ms; the frequency bandwidth of a chunk should be set to maximise scheduling performance and take into account minimum payload size. A suitable chunk size is 0.5ms * 375kHz (25 tones).
· Scheduling information in downlink should be split into 2 components; resource allocation information in the first (or first/second) symbols of at least one of the chunks scheduled for a user and TFCI/HARQ information at a known location within the scheduled resource.
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