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1 Introduction
RAN#37 tasked RAN WG1 to look into possible avenues for a single TDD frame structure for LTE.  In this document we consider why two frame structures arose in the first instance.  We reconsider the need for FS2 and investigate alternative possibilities for a more generic solution.
2 Discussion
From the outset, development of the TDD FS1 mode has been governed by the overriding principle stated in 25.913 [1]:

Unnecessary fragmentation of technologies for paired and unpaired band operation shall be avoided. This shall be achieved with minimal additional complexity.

We are of the understanding that LTE TDD FS1 represents the closest solution in pursuit of the commonality principle.  That is to say that any deviation from the current FS1 (e.g. in an attempt to find one “accomplish-all” TDD solution) is sure to result is a lesser degree of commonality with the FDD mode.  This may be acceptable if optimality for TDD deployment is improved.  However, 3GPP should also be careful to ensure that a solution incorporating more-or-less arbitrary aspects from both FS1 and FS2 in search of such a mode is not rendered mediocre as other TDD technologies are then likely to outperform.

Considering FS1 and FS2 in juxtaposition, it would seem that it has not been possible to apply the commonality principle to such an extent for FS2.  The (in-fact unnecessary) imposition of a legacy frame structure from the outset prevented it and this has inevitably resulted in design compromises.  Unfortunately some of the desirable commonality with FDD has been lost and coverage is impaired.  For example, FS2 has:

· different RACH preamble structures and lengths

· different RACH access procedures in RAN2 (although these remain undefined)

· different numbers of RACH preambles per cell

· different handling of larger cells

· different slot/sub-frame structures

· different reference signal patterns

· different cell search and SCH design

· different TTI and coverage

· different usage of frequency diversity for uplink

· different control signalling designs

· different cyclic prefix durations and system overhead

We consider that preservation of commonality and coverage are of prime importance for the future of LTE TDD;

· commonality with FDD promises the development of highly-integrated baseband/single-chip designs, reduced specification complexity, reduced testing effort, lower NRE and equipment costs and increased market penetration

· coverage must be equivalent to FDD/FS1 to enable FDD/TDD site reuse and to avoid increased CAPEX for TDD deployments which would otherwise present a significant barrier to its adoption in the international market
2.1 “So why was FS2 originally introduced?”
It understood that the fundamental premise upon which TDD FS2 was first introduced for LTE (during 2005) was in order to provide for UL/DL switching point alignment between TDD LTE and TD-SCDMA with focus on adjacent carrier deployment of UTRA/eUTRA.

However, a frame structure identical to TD-SCDMA is in fact not required to achieve this (as is discussed in the following section), nor are the special slots (DwPTS/UpPTS) required.  At the time of inclusion of FS2, no purpose for the special slots was identified within an LTE system.  Since that time, some uses for them have been retrospectively proposed (for example UpPTS is used for low-capacity small cell RACH and DwPTS is used for cell search/SCH) but this needlessly introduces rather fundamental differences in basic cell access between FDD and TDD which we feel is in contravention of the aforementioned 25.913 requirement.  It furthermore can result in time-frequency resource wastage in higher BW systems.
2.2 A more holistic approach…
As shown in Figure 1, a more generic 5ms TDD frame structure with one switching point (as per the current agreement for both FS1 and FS2) is in-fact able to co-exist happily next to a TD-SCDMA carrier, simply with an appropriate frame offset.  A 10ms version is similarly able to coexist with HCR TDD (but without the need for an offset).

In this more generic frame structure, there is no need for the legacy “special slots” to be copied over from TD-SCDMA into LTE and therefore basic cell access mechanisms need not differ.  In fact there is also no particular need for 675μs slots.  The TTI reduction to 675μs is not necessary hence we can avoid the coverage loss for FS2.

To minimise frame wastage due to guard whilst still guaranteeing alignment the split between the UL/DL portions (could for example) be adjustable at the symbol level.
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Figure 1
Table 1 below shows an example of values for the lengths (d and u) of the DL and UL portions (in short-CP symbols) that are compatible with legacy UTRA TDD systems.  It should go without saying that the HCR-compatible formats (with 10ms frame duration) are perfectly compatible due to the 2:3 sub-frame/slot ratio.  For LCR this is less obvious and so the compatibility here is shown diagrammatically in Figure 2.

Other possibilities (with other UL/DL ratios) are of-course also possible when switching point alignment with legacy carriers is not a particular consideration.

	Frame format
	d (symbols)
	u (symbols)
	TG (symbols)
	Remarks

	1
	58
	11
	1
	Compatible with LCR with 6:1 split

	2
	48
	21
	1
	Compatible with LCR with 5:2 split

	3
	39
	30
	1
	Compatible with LCR with 4:3 split

	4
	30
	39
	1
	Compatible with LCR with 3:4 split

	5
	20
	49
	1
	Compatible with LCR with 2:5 split

	6
	11
	58
	1
	Compatible with LCR with 1:6 split

	7
	126
	84
	1
	Compatible with HCR with 9:6 split

	8
	168
	42
	1
	Compatible with HCR with 12:3 split


Table 1 – LTE TDD frame formats compatible with UTRA TDD modes
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Figure 2 – compatibility of symbol-level switching for LTE with LCR TDD
2.3 Further details of the more generic frame structure
Although the generic frame structure introduced in Figure 1 and Figure 2 necessarily exhibits less commonality with FDD than the existing TDD FS1 solution (TDD FS1 is optimum in this respect), it does have the following properties:

· Compatibility with all UTRA TDD modes via a single solution
· TDD frame lengths of 5ms or 10ms to support switching point alignment
· The same P-BCH structure as FDD may be retained
· P-BCH occurs once per 10ms in the same symbol locations as for FDD (symbols 3/4 of slot 0 and symbols 0/1 of slot 1).  P-BCH is not present on those alternate 5ms TDD frames that do not coincide with the 10ms P-BCH transmission.  Thus, the signal structure for P-BCH is identical to FDD.
· The same P-SCH/S-SCH structure as FDD may be retained
· To align with FDD, the primary and secondary SCHs are transmitted on the 7th and 6th symbols respectively (for short CP) of the 70-symbol frame (5ms).  For the long CP, the primary and secondary SCH are transmitted on the 6th and 5th symbols respectively.  For the 10ms frame duration, transmission of the SCH is duplicated with 5ms delay.  Thus, the signal structure for SCH is always identical to FDD and cell search procedures in the UE may be identical.
· The same symbol level numerology as FDD is retained

· Active symbol durations and CP durations are identical to FDD.  Thus the 5% reduction in system efficiency for FS2 compared to FDD/TDD FS1 in terms of CP overheads is avoided and the frequency domain structure is also preserved.

· The same reference signal patterns as FDD may be applied in the UL and DL potions
· The same PRACH structure and delay tolerance/capacity and the same RACH procedures as for FDD/TDD FS1 can apply

· combining the UpPTS with the 1st UL slot for LCR TDD results in a minimum contiguous period of 125+675=800μs (or a little more than 11 symbols) for TDD LTE even when co-existing on an adjacent LCR carrier with a 6:1 DL/UL configuration.  This is just about sufficient to accommodate the existing 800μs RACH preamble but without guard or CP.

· The guard time between DwPTS and UpPTS is 50μs which could accommodate (for example) DL/UL and UL/DL switching times of around 2x10μs and still leave room for 30μs of round trip delay (enough for operation in 4.5km cells).  Alternatively, a CP of (for example) half this duration may be added with the corresponding drop in cell range.  Thus, it may be possible to reuse the same basic RACH preamble length as is configured for FDD LTE even when co-existing with UTRA LCR TDD with the minimum UL allocation (6:1).  For the more typical (non-extreme) LCR asymmetries, there is available room to accommodate the normal FDD RACH structure(s).

· Ability to support similar coverage and to enable site reuse 

· The lengths of the contiguous UL and DL portions are sufficient to provide the same coverage as FDD with the marginal exception of frame formats 1 and 6 of Table 1 which have contiguous regions of 11 symbols.  However it should be discussed whether these extreme asymmetries (for TD-SCDMA) are of any real practical interest.

2.4 Is switching point time-alignment really necessary?
In the generic frame structure approach described above, it becomes clear that most features of the TD-SCDMA frame structure (UpPTS, DwPTS, 675μs TTIs) are in fact not required to align switching points between LCR TDD and LTE.

Furthermore, the ramifications of adopting these features have been discussed above and are shown to be extensive.  However, it has never been considered whether or not time alignment of switching points in fact justifies such extensive differences.

There are alternative solutions to coexistence with legacy systems which lie within the remit of RAN WG4 but which to our knowledge have not been investigated within 3GPP for LTE.

It is therefore not clear whether any accommodation of switching point alignment is in-fact necessary.  If study in this area reveals that adjacent carrier switching point alignment is not of primary importance, or that alternative and less complex solutions exist then it would seem natural for RAN WG1 to focus on FS1 as the single TDD mode considering its natural synergy with (and minimal deviation from) FDD.
3 Conclusion

It is understood that the fundamental premise upon which TDD FS2 was first introduced for LTE (during 2005) was in order to provide for UL/DL switching point alignment between TDD LTE and TD-SCDMA with focus on adjacent carrier deployment of UTRA/eUTRA.  In doing so, inevitable design compromises have had to have been made for LTE FS2 and much of the desirable commonality with FDD has been lost.
At present it is unclear whether alignment of switching points between LTE and UTRA TDD is really necessary and alternative and possibly simpler solutions have not been investigated within RAN WG4.  We consider that the extensive ramifications on the physical layer design resulting from the imposition of such a constraint may not be justified and that this matter deserves further attention in RAN4.  We therefore recommend that RAN1 contacts RAN4 to request that such investigations are initiated.
Should RAN4 conclude that timing alignment of switching points is in fact deemed essential, it is suggested either that RAN1 retains the existence of both FS1 and FS2 or that (in pursuit of a universal TDD mode), timing alignment of switching points may be achieved for both UTRA TDD frame variants via the use of a single frame structure with a symbol-level-adjustable UL/DL switching point in conjunction with 5ms or 10ms TDD frames.
Although this structure shares less commonality with FDD than the current TDD FS1, it is able to retain the following similarities with the current FDD design:
· Same P-BCH structure

· Same P-SCH/S-SCH structure

· Same symbol-level numerology

· Same reference signal patterns

· Ability to support similar coverage and to enable site reuse

Conversely, should RAN4 conclude that timing alignment of switching points with UTRA TDD is non-essential then RAN1 should focus on TDD FS1 as the common solution given its obvious commonality with FDD, synergy with the requirements of 25.913, same-site deployment capability, reduced device complexity, reduced equipment costs, reduced specification complexity, reduced development expenditure, reduced testing implications and reduced workload on 3GPP.

It has been observed that the special slots previously used for TD-SCDMA are not required in LTE and these should be considered for removal from FS2 regardless of the above decision(s).
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