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1 Introduction
The TTI duration(s) for E-UTRA was discussed extensively by RAN1 in the LTE adhoc in Cannes. As part of that discussion, the frame structure for E-UTRA TDD mode was discussed. Two main approaches to the TDD frame structure were considered - a “TDD frame” structure unique to the TDD mode and a frame structure that adopted the same TTI as for FDD (and where multiple ACK / NACKs can be transmitted by a UE in the uplink).

This document considers the frame structure for E-UTRA TDD mode in more detail. 

Section 2 considers the frame structure for Rel 6 UTRA modes. In section 3, it is shown that the E-UTRA frame structure is fundamentally different to the Rel 6 UTRA frame structure due to the presence of TDM BCH and RACH channels. Section 4 considers two possible frame structures for E-UTRA TDD mode. Section 5 concludes that a frame structure allowing for the support of short individually ACK / NACKed TTIs is desirable for E-UTRA TDD mode.
Note that this document considers the “generic frame structure” for E-UTRA TDD mode. The LCR-compatible E-UTRA TDD frame structure is documented in [1].

2 Frame structure and timing hierarchy in UTRA
UTRA has various layers of timing hierarchy as illustrated in Figure 1. 
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Figure 1 - Levels of timing hierarchy in UTRA Release 6

The difference between the mid level of hierarchy for FDD and TDD is interesting to note. 

· In FDD, each timeslot in the frame is divided in the code domain into a set of codes. Some of the code resource is used for “cell maintenance” functions such as pilots, BCH signaling, RACH etc., but each timeslot looks broadly similar to each other timeslot. The remaining resource is available to be assigned to transport channels such as HS-DSCH. Since all the remaining resource looks identical, it can be split into a symmetrical set of HS-DSCH sub-frames occupying contiguous timeslots (where the timing association for any one sub-frame is the same as the timing association for any other sub-frame).

· In TDD mode, although each timeslot is divided in the code domain into a set of codes, some timeslots are assigned to specific functions (for example, some timeslots are assigned exclusively to RACH, BCH is transmitted exclusively on one timeslot, at a grosser level some timeslots are assigned to uplink, some to downlink etc.). Hence the different timeslots in UTRA TDD mode are not broadly similar. It is thus not possible to define a simple HS-DSCH sub-frame consisting of contiguous slots. Instead TDD has taken the approach of defining the TTI based not only on the need to support HS-DSCH sub-frames, but also on the need to support ancillary functions (such as RACH, BCH etc). The UTRA TDD HSDPA TTI thus consists of a repeating pattern of timeslots that are assigned to HS-DSCH, BCH, uplink etc. as shown in Figure 2 (the LCR-TDD example is shown). The repeating pattern of these diverse timeslots allows for simple timing rules to be applied in UTRA TDD mode (where the ACK / NACK response is carried in the next but one sub-frame).
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Figure 2 - use of a repeating pattern of timeslots allows for a simple association between HS-DSCH and ACK/NACK signalling

3 Timing hierarchy for E-UTRA
The frame structure for E-UTRA is described in [1]. The generic frame structure for E-UTRA consists of 20 sub-frames each of duration 0.5ms. Any of these sub-frames can be assigned as uplink or downlink sub-frames. This flexibility allows different traffic profiles to be supported; the flexibility also allows for the coexistence between E-UTRA and other TDD systems (such as HCR-TDD UTRA and LCR-TDD UTRA). The E-UTRA TTI is still under discussion in RAN1, possibilities of 0.5ms, 1.0ms, 1.5ms and more have recently been proposed.
The frame structure of E-UTRA is unlikely to be as homogenous as the frame structure of UTRA FDD due at least in part to the TDM structure of BCH/ancillary-channels in the downlink and e.g. RACH in the uplink.
BCH/ ancillary downlink channels
The power required for the BCH is analysed in [2] where it is shown that, for a 5MHz E-UTRA system, of the order of 20-40% of Node B power is required to transmit a 12kbps BCH sub-frames 1 and 11 of the E-UTRA frame (transmission of BCH on a subset of the sub-frames in the E-UTRA frame enables compatibility between E-UTRA TDD and FDD modes, reduces battery consumption etc. [2]). The presence of BCH/ancillary-channels therefore seems likely to lead to different characteristics of different sub-frames within the E-UTRA frame, hence either the number of grant channels or the number of shared channels that can be transmitted per sub-frame will not be the same for each sub-frame within the frame (e.g. DL sub-frames transmitting BCH will have lower shared channel capacity than non-BCH sub-frames).
RACH

Many contributions to RAN1 propose that the non-synchronised RACH is transmitted in a 1.25MHz bandwidth within 1 sub-frame within a frame. For large cells, RACH may need to be transmitted in more than a single sub-frame per frame [3,4]. For cells where there is a lot of RACH activity, it may be necessary to assign multiple 1.25MHz bandwidth channels (or have a RACH channel that occupies more than a 1.25MHz bandwidth) [5].
In the worst case, when we consider a 1.25MHz bandwidth E-UTRA system, some sub-frames are assigned wholly to RACH. A similar situation can exist for 5MHz bandwidth E-UTRA systems when there is a lot of RACH activity. 

Given the need to support BCH in some downlink sub-frames and RACH in some uplink sub-frames, an assignment of sub-frames of the form shown in Figure 3 is plausible for E-UTRA FDD running in a 1.25MHz allocation.

[image: image3]
Figure 3 - Examples sub-frame assignment to RACH and BCH in a 1.25MHz E-UTRA FDD system

Figure 3 shows that, according to current assumptions on the operation of RACH and BCH, there will not always be a homogenous frame structure for E-UTRA (either in FDD or TDD modes):

· in the downlink, on some sub-frames, there will be restrictions on support of DL SCH and / or L1 / L2 control signaling channels (e.g. grant channels and ACK / NACK channels for UL transmissions)

· in the uplink, on some sub-frames, there will be restrictions on support of UL SCH and / or L1 / L2 control signaling channels (e.g. scheduling request channels, ACK / NACK and CQI channels for DL transmissions)

From the above discussion about the impacts of ancillary channels (e.g. RACH/BCH) on the E-UTRA frame structure, it is difficult to conceive of a level of timing hierarchy between that of the E-UTRA sub-frame (0.5ms) and the E-UTRA frame. It is thus assumed that the Rel6 concept of an “HS-DSCH sub-frame” or “E-DCH sub-frame” will not exist in E-UTRA. 

4 Frame structure for E-UTRA TDD mode

In this section, two possible structures are considered for E-UTRA TDD mode. These three structures are discussed below (DL SCH operation is illustrated, but the concepts can be straightforwardly extended to the UL SCH case).

4.1 “TDD frame”

Figure 4 shows the E-UTRA frame being divided into a set of shorter “TDD frames”. Each of these “TDD frames” is of a duration that is less than or equal to the duration of the E-UTRA frame. In any “TDD frame”, a UE only receives one allocation and that allocation would typically span multiple 0.5ms sub-frames, be associated with a single HARQ process and be covered by a single CRC. The ACK / NACK for a transmission is carried in either the uplink of same the “TDD frame” or the uplink portion of the following “TDD frame” (the exact timing would depend on what is considered to be feasible from a UE processing perspective). Figure 4 shows a “TDD frame” duration of 5ms although other “TDD frame” durations would also be possible (2.5ms, 10ms etc.). 
If a “TDD frame” structure were used, system operation would be simplified if all “TDD frames” were identical (similar to the situation with UTRA LCR-TDD), in this case the “TDD frame” would also contain sub-frames carrying RACH and BCH. The proponents of the “TDD frame” structure have not specified how BCH and RACH are supported within the E-UTRA frame, so these aspects are not included in Figure 4
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Figure 4 - "TDD frame"

4.2 Individually ACK-ed short TTIs

Figure 5 shows the E-UTRA frame consisting of a set of short duration TTIs (e.g. 0.5ms, 1ms, …). In this frame structure, the UE may receive multiple allocations within the E-UTRA frame where each allocation is associated with a single HARQ process and each of the multiple allocations is associated with a  single CRC. In this frame structure, some of the DL SCH transmissions to a UE may be received in error (NACK) and some may be received correctly (ACK) and ACK / NACK responses for each DL SCH are sent individually to the e‑Node B. Note that in this figure, there is no mid-level of hierarchy in the TDD frame structure (in comparison to the “TDD frame” concept of Figure 4). BCH and RACH are accommodated within the E-UTRA frame structure and these channels may be transmitted according to BCH and RACH requirements.
The figure shows ACK / NACK responses being transmitted in the next available uplink resource. Depending on assumptions regarding UE receiver performance, the ACK / NACK response might actually be transmitted in the first uplink slot after an assumed UE receiver processing time (for example, the ACK / NACK may be transmitted in the first UL sub-frame that is at least <n> sub-frames after the DL SCH that is being ACK-ed).
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Figure 5 - E-UTRA frame consisting of individual DL SCH transmissions

4.3 Comparison of candidate frame structures
The advantages and disadvantages of the two frame structures discussed in the preceding sub-sections are summarized in Table 1.

Table 1 - Comparison of candidate E-UTRA TDD frame structures

	attribute
	“TDD frame”
	individually ACK-ed transmissions

	link level performance
	superior time diversity improves link level performance at medium channel speeds
	reduced time diversity, but has the ability to adapt to channel conditions more rapidly when channel dependent scheduling / HARQ is applied

	flexibility
	there is flexibility within the “TDD frame”, but the “TDD frame” restricts flexibility within the E-UTRA frame
	a flexible assignment of channel types can be applied across the E-UTRA frame

	latency
	DL data can only be scheduled on “TDD frame” boundaries
	DL data can be scheduled flexibly whenever there is a DL TTI

	simplicity
	the “TDD frame” structure is inherently simple
	the association between DL SCH transmissions and ACK / NACK on UL transmissions have to be applicable across a range of sub-frame allocations within the E-UTRA frame 

	UL ACK / NACK signaling
	UL ACK / NACK channel need only carry a single ACK / NACK bit per UE
	multiple ACK / NACK bits may need to be carried on the ACK / NACK channel per UE

	hardware complexity
	the whole “TDD frame” needs to be buffered before the transmission can be successfully decoded, leading to an increased memory requirement
	only the duration of each TTI needs to be buffered allowing a reduced memory requirement and pipelined receiver architectures

	FDD / TDD commonality
	“TDD frame” structure is unique to TDD. TDD TTI may be different to FDD TTI.
	TTI for TDD may be the same as the FDD TTI. The same associations between DL SCH and ACK / NACK may be applied as for FDD (see note) 

	control signalling
	control signaling required at the “TDD frame” rate
	control signaling required at the TTI rate (the signaling required in this case will be similar to the signaling required for E-UTRA FDD due to the aligned TTIs).


Note: the association between DL SCH and ACK / NACK has not yet been agreed for FDD. However it is apparent from the discussion about the requirements for RACH in 1.25MHz E-UTRA systems (section 3) that some sub-frames will not be available for UL SCH or ACK / NACK responses in E-UTRA FDD, hence E-UTRA will need to allow the possibility to transmit multiple ACK / NACKs in an uplink sub-frame (to compensate for sub-frames when no ACK / NACK transmission is possible) - see Figure 7.
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Figure 7 - example 1.25MHz E-UTRA FDD frame showing requirement to transmit multiple ACK / NACK per UL sub-frame

The comparison of the candidate frame structures in Table 1 shows that the main potential advantage of the “TDD frame” frame structure lies within the simplicity of the ACK / NACK signaling and the reduction in control signalling. However, the E-UTRA FDD ACK / NACK signalling will in any case have to handle the more complicated ACK / NACK signaling that is associated with the “individually ACK-ed” frame structure (see Figure 7), hence the greater ACK / NACK signaling simplicity associated with the “TDD frame” structure is not considered to be sufficient motivation for a loss of commonality between FDD and TDD E-UTRA modes, greater hardware complexity, and increased latency.  The loss of commonality would lead to substantially different control signaling structures, different block sizes and transport channel processing, increased testing complexity etc…

Furthermore, the reduction in control signaling with the “TDD frame” approach is due to the use of a longer TTI for the “TDD frame”. The amount of control signaling required for the short TTI approach is similar to that required for E-UTRA FDD mode. Hence it is considered that the potential reduction in control signaling with the “TDD frame” approach is a feature of the choice of TTI duration and not specifically about the frame structure.  The differences in control overhead between the “TDD-frame” approach and the approach sharing commonality between TDD and FDD TTIs are clearly reduced for the case of a longer common FDD/TDD TTI.  This is thought to be one motivation to consider a single common FDD/TDD TTI of length 1ms or 2ms.
5 Conclusion

This document has considered two possible frame structures for E-UTRA TDD mode. The pro’s and con’s of the two frame structures are fairly well balanced, but since commonality between E-UTRA duplex modes is a key driver for LTE [6], it is proposed that an “individually ACK-ed” approach is adopted where the TTI for TDD can be the same as that for FDD and multiple downlink TTIs can be ACK-ed in a single uplink ACK / NACK signaling channel.
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