3GPP TSG RAN1#52       





                        R1-080747
Sorrento, Italy
February 11 - 15, 2008
Agenda Item:
6.1.7
Source:
Motorola

Title:
RS, Control, and Data in DwPTS
Document for:
Discussion/Decisions
1. Introduction

In RAN1#51-Bis, it was agreed that DwPTS always contain control signalling and reference signals.  In addition, downlink data can be transmitted as appropriate by the eNB.  However, since the first symbol of the DwPTS is used to for transmission of the primary synchronization signal, several issues must resolved regarding how the RS, control signalling and data are transmitted on the special slot. This contribution examines various options regarding RS, control, and data transmission on the DwPTS.  Our first preference is to change the time placement of primary synchronization signal (PSS) and secondary synchronization signal (SSS) for TDD to be the same as FDD.  Our second preference is to shift RS and control signalling by one OFDM symbol, and allow data on the first OFDM symbol together with the PSS.
2. DwPTS Configurations and Usage
In [1], the following configurations for DwPTS:GP:UpPTS were agreed.  In addition, downlink control signalling and reference signals are always present in DwPTS.  Downlink data can be transmitted but is not associated with data in other downlink subframes.  
Table 1.  DwPTS:GP:UpPTS Configurations [1].
	Configuration
	Normal CP
	Extended CP

	
	DwPTS
	GP
	UpPTS
	DwPTS
	GP
	UpPTS

	0
	3
	10
	1
	3
	8
	1

	1
	9
	4
	1
	8
	3
	1

	2
	10
	3
	1
	9
	2
	1

	3
	11
	2
	1
	10
	1
	1

	4
	12
	1
	1
	3
	7
	2

	5
	3
	9
	2
	8
	2
	2

	6
	9
	3
	2
	9
	1
	2

	7
	10
	2
	2
	-
	-
	-

	8
	11
	1
	2
	-
	-
	-


As evident from [1], the goal is to treat DwPTS as an independent subframe with similar structure as a regular downlink subframe.  However, currently the first symbol of the DwPTS is used for transmission of the PSS as shown in Figure 1, so the center 6 resource blocks are occupied.  The SSS is transmitted in the last symbol of the previous downlink subframe.  Since the synchronization signal placement is different from FDD and not compatible with current physical frame structure, special handling of control signalling and reference signals must be considered.  
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Figure 1.  Synchronization signals in TDD.
Note that although the minimum length of DwPTS is 3 OFDM symbols as shown in Table 1, the majority of the configurations allocate at least 8 OFDM symbols to DwPTS.  Therefore, in most cases, the DwPTS is very similar in size to a regular downlink subframe with a few symbols punctured out.  Also note that for many configurations with 10 ms switching point, the second DwPTS is in effect a regular downlink subframe.  However, it must treated differently due to synchronization signal placement.
3. Control Signalling and Reference Signals in DwPTS
The following options are possible regarding downlink control signalling and reference signals transmission in DwPTS.

Option 1: Move PSS to 3rd OFDM symbol in DwPTS [2].
Moving the PSS to the 3rd OFDM symbol in DwPTS as shown in Figure 2 allows the same reference signal mapping in the DwPTS as in other downlink sub-frames.  However, as the PSS is now not adjacent to the SSS, performance will degrade, especially for very high-speed mobiles.  Based on the results shown in [4], it is seen that SSS detection will be problematic at 350 km/h where an error floor is observed.  Note that although the analysis in [4] was done with 6 symbol separation, similar conclusion may be drawn for 2 symbol separation at very high speed.  So it is preferred to keep the PSS and SSS adjacent to each other to maintain good cell search performance.
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Figure 2.  Shifting of PSS to 3rd OFDM symbol in DwPTS.
In addition, although moving the PSS to the 3rd OFDM symbol will allow the same reference signal mapping, control signalling frequency mapping for both PHICH and PCFICH will be somewhat different in the case 3 symbols are used for control.  In addition, for the 1.4MHz system bandwidth, control will be effectively restricted to only 2 symbols.  As a result, this option is not preferred.
Option 2: Shift RS and control signalling by one OFDM symbol.
In [2,3], it was proposed to shift the reference signals by one OFDM symbol in order to have the same structure and frequency mapping as other downlink subframes.  In addition, it is reasonable to also shift the control signalling [2], especially considering the 1.4MHz system bandwidth where the PSS will occupy the whole first OFDM symbol.  Although this will result in different time mapping for the DwPTS slot, it is an attractive solution since the same frequency mapping as other downlink subframes can be maintained. 
[image: image3.emf]DL

subframe #0

GP

SSS PSS

UL

subframe #2

UpPTS

RS/Control

DwPTS

Data


Figure 3.  Shifting of RS and Control by one OFDM symbol.  
Additionally, the first OFDM symbol may be used for data transmission.  Although the PDSCH is now disjointed and the mapping is somewhat awkward, there should not be any major technical issue that impacts implementation or performance.
Option 3: Move PSS and SSS to slots 0 and 10 (same as FDD).
The proposal here is move the PSS and SSS to the last and next to last OFDM symbols in slots 0 and 10 to be consistent with FDD as shown in Figure 4.  Although this proposal is inconsistent with the current agreement on synchronization signal placement for TDD, it provides a very simple solution as the special DwPTS slot can have the same exact format as other downlink subframes, albeit with appropriate number of symbols punctured.  In addition, this will prevent the need for special mapping in the second DwPTS for many configurations with 10ms switching point (e.g. 6DL:3UL, 7DL:2UL, 8DL:1UL) where the second DwPTS is essentially a regular downlink subframe (i.e. DwPTS occupies 1ms with no GP or UpPTS).  Obviously, this option provides very nice commonality with FDD implementation.  Since the aim is to treat the DwPTS as a regular downlink sub-frame, there seems to be no obvious advantage in transmitting the PSS on the first symbol of DwPTS.
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Figure 4.  Shifting of PSS and SSS (same as FDD).  
4. Data Transmission in DwPTS
From Table 1, it is seen that the majority of configurations allocate at least 8 OFDM symbols to the DwPTS.  Therefore, data transmission capacity is generally similar to a regular downlink subframe.  When there are only 3 OFDM symbols allocated to DwPTS, data transmission should still be possible so as not to waste resource, especially at high system bandwidth.  With 1 OFDM symbol devoted to control, considerable amount of data can still be transmitted in this case.  This is, of course, left for eNB implementation.
5. Conclusions
Based on the discussion, our first preference is to change the time placement of primary synchronization signal (PSS) and secondary synchronization signal (SSS) for TDD to be the same as FDD (Option 3).  Our second preference is to shift RS and control signalling by one OFDM symbol, and place data on the first OFDM symbol together with the PSS (Option 2). 
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