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1 Introduction

In [1] and [3] it is proposed to adopt a symbol-level adjustable switch point between DL and UL for TDD in order to allow for better alignment of switching times with some legacy systems.  Idle symbols are reserved to create sufficient time for RF switching and timing advance.

When the idle symbols are located at the end of a DL sub-frame this results in the shortened DL sub-frame familiar of the current TDD frame structure 1.  This is shown in the upper diagram (1) of Figure 1 and is able to provide sufficient co-existence opportunities with UTRA HCR TDD due to the 3:2 slot-to-subframe ratio.

When the DL/UL switching point needs to be located otherwise (e.g. to align with UTRA LCR TDD), then three approaches exist - (2), (3) and (4) of Figure 1.  In (2), the idle region is simply extended.  Under the mixed-sub-frame concept of (3), remaining symbols to the right of the idle period may be used for extra uplink.  In this case the existing shortened DL of FS1 (S-DL) remains and an additional short UL may exist (S-UL) before the normal UL sub-frames.  (4) is the same as (3) except the short UL field is moved to the end of the normal UL.
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Figure 1 – Use of short-DL and short-UL for switching point alignment

It may be that (4) has some technical advantages over (3).  In (4) the construction of the UL and DL regions is the same, with the shortened field at the end in both cases.  As will be discussed in subsequent sections, a primary usage of S-UL could be for sounding reference signals and in this case, placement of these as close to the start of the downlink as possible maximizes the reciprocity advantage of the SRS.

2 Transmission of P-BCH and SCH

It would appear that all of the above schemes are compatible with FDD with regards to P-BCH, P-SCH and S-SCH.  Sub-frames #0 and #5 (sub-frame numbering is 0 to 9 left to right) are configured for DL and hence carry P-BCH (in #0) and S-SCH (in #0 and #5) in an identical way to FDD.  The P-BCH and P-SCH/S-SCH locations are shown in Figure 2.  Both 5ms and 10ms switching points are supported by this structure.
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Figure 2 – Location of P-BCH, P-SCH and S-SCH
3 Required lengths of S-UL and S-DL

[3] outlined the lengths of the downlink and uplink regions (d and u) in short-CP symbols that result from switching point alignment with UTRA LCR TDD.  This table is extended here to also show the number of complete downlink sub-frames D=
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, along with the lengths of the S-DL and S-UL fields assuming a 1-symbol idle period for switching.

Table 1 – Field lengths for 1 symbol idle and short CP

	LCR DL:UL
	d (symbols)
	u (symbols)
	D
(sub-frames)
	S-DL (symbols)
	U
(sub-frames)
	S-UL (symbols)
	Idle (symbols)

	6:1
	58
	11
	4
	2
	0
	11
	1

	5:2
	48
	21
	3
	6
	1
	7
	1

	4:3
	39
	30
	2
	11
	2
	2
	1

	3:4
	30
	39
	2
	2
	2
	11
	1

	2:5
	20
	49
	1
	6
	3
	7
	1

	1:6
	11
	58
	0
	11
	4
	2
	1


It would seem that short, medium and long lengths of the S-UL and S-DL all occur if support for all of the LCR switching point configurations is required.  Alternatively, it may be possible to identify a sub-set of these that should be supported.  However, variability of the S-UL and S-DL lengths will always occur if the idle symbol length is adjustable with 1 symbol granularity.  Hence it may not be possible to select only a sub-set of S-UL and S-DL lengths without constraining the idle period length to assume certain quantised values.

However, general guidance on this could be that long and possibly medium lengths could be used for data whereas the short lengths are designated for control only.

Finally, it is observed that the 6:1 LCR allocation results in no normal UL sub-frames.  This would preclude system operation as the PUCCH would not exist.  As such, support for this case is unlikely to be provided.

Similarly, the 1:6 allocation results in no normal DL-sub-frames.  However, in this instance operation is still possible as the S-DL field is long enough to accommodate P-BCH, SCH, PDCCH, some DL-SCH and so on.

4 Usage of S-DL

As in the current situation, for moderate to long S-DL periods the short DL sub-frame is treated as any other DL sub-frame and hence may contain PDCCH, DL-SCH or the PMCH (along with other supplementary channels such as PCFICH and PHICH).  In the event that the length becomes somewhat too short to have meaningful DL-SCH usage, it could be used for PDCCH only (e.g. to assign UL allocation) and/or for PHICH.

5 Usage of S-UL

From Figure 1, it can be seen that the main additional functionality of (3) and (4) compared to (1) and (2) is to specify the existence and usage of the short UL.  S-UL could be used for UL-SCH (although application of frequency hopping may not be possible) or for sounding reference signals.  Usage of S-UL for PRACH does not seem attractive due to the shortening of the random-access preambles.  Assuming there is no PUCCH transmission in the short-UL field the use of S-UL for SRS would avoid the complications that this has on PUCCH design and so this would seem a reasonable alternative.

6 Presence of S-UL

The usage of short-UL allows for alignment of switching points in the event that they cannot be arranged to fall on sub-frame boundaries whilst avoiding the framing efficiency loss of option (2).  It is assumed that the intention of switching point alignment is to further improve adjacent-carrier coexistence with other TDD systems whose UL/DL timings cannot be arranged to fall on 1ms intervals.

However, in many scenarios such alignment is not necessary such as:

1. When there is no legacy system deployed (e.g. green-field market, re-farmed spectrum) or when switching point alignment with legacy systems is possible without the use of S-UL

2. When the framing efficiency loss of option (2) is considered acceptable (since this small loss would only generally apply to a single carrier per operator under a migration scenario, the overall capacity loss percentage is likely to be negligible)

3. When frequency domain co-existence is provided.  Note here that RAN4 concluded for UTRA that co-existence between adjacent non-synchronised TDD carriers results in only a very small capacity loss (of the order of 2% or less) – see 25.942 [4] and 25.945
 [5] and recent documents such as [2] recommend application of the same co-existence requirements for eUTRA.

Therefore there are many scenarios in which the short-UL is not required.  The requirement that follows is that S-UL can be configured to have zero length.  For cases such as re-farmed spectrum bands it should also be considered whether support for S-UL is required in the terminal.

7 Conclusion

We have further developed the ideas of [1] and [3] and shown that:

1. P-BCH, P-SCH and S-SCH may be harmonised with FDD and carried in sub-frame #0 (and also #5 for SCH)

2. The nature of the short DL region (S-DL) is essentially the same as exists in the specifications today

3. A short UL region (S-UL) carrying UL-SCH or sounding reference signals could be used to improve framing efficiency in circumstances where additional options for switching point alignment are deemed necessary

a. The usage of S-UL for PRACH is not recommended

b. The S-UL field could be at the beginning or the end of the normal UL region although maximum advantage from reciprocity could be achieved if positioned at the end

c. The ability to configure the S-UL length to zero is required.  It should be further considered whether support for the S-UL field is required in the terminal under all circumstances
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� Extract: “The results show reasonable capacity loss values [<2%,<1%], even without coordination or time alignment between the victim and the interferer system.”
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