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1/ Introduction
Though it becomes much clearer where the pilot (reference signal), L1/L2 control signalling channel (SCCH) and shared data channel (SDCH) should be placed in the time-frequency (T-F) grid of a sub-frame, it is believed that more precise mapping should be defined to achieve better alignment in simulation assumption and make progress in the SI. 

In this contribution, we analyse the pros and cons of the remaining two possible options for L1/L2 control signalling channel and pilot channel mapping. A conclusion that can be drawn from the analysis is that 1st reference signal & L1/L2 control signalling channel should be multiplexed in the 1st OFDM symbol.         

2/ Discussion
In current [TR 25.814], it is stated that first reference symbols are located in the first or second OFDM symbol of a 0.5ms sub-frame. Several contributions [R1-050707, R1-051356, R1-051410] proposed that L1/L2 control signaling should be mapped on the first OFDM symbol to enable micro sleep mode in UE. 
Though we agreed with analysis in [R1-051344] that with current RF technology applied in WCDMA, micro sleep mode may not bring significant power saving. We do believe that with advanced RF being developed, micro sleep mode will enable future terminal to significantly save the power consumption and thus should be seriously considered when designing LTE system. 
Therefore advanced RF will be assumed in the remainder of this paper 
Basically, there are 2 remaining options to be considered as shown in figures below.   
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Figure 1: Option1 – SCCH & Piot 1 are multiplexed in 1st OFDM symbol
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Figure 2: Option2 – SCCH is in 1st OFDM symbol, Piot 1 is in 2nd OFDM symbol
Common description for both options:

In every TTI, Shared Controlled Channel (SCCH) is transmitted in 1st OFDM symbol and possibly 2nd OFDM symbol if the signalling load is such large that cannot be fitted within 1st OFDM symbol. 
To enable efficient sleep mode, at least, signalling of scheduled UE IDs should be mapped to 1st OFDM symbol so that a UE monitoring SCCH will

· Go to sleep if none of transmitted UE IDs on SCCH matches its own ID

· Continue to receive the rest of SCCH on 2nd OFDM symbols and SDCH in the rest of the TTI.   

Pilot 2 is optional. Pilot 2 can be understood as either dedicated pilot or secondary pilot in scatter pilot scheme. In case of scatter pilot, the density of Pilot 1 will be less than that shown in the figures.    

In the figures,

t0 – wake up time to receive SCCH

t1 – start CP removal & FFT of 1st OFDM symbol containing SCCH

t2 – finish FFT of 1st OFDM symbol 

t3 – finish channel estimation  

t4 – finish equalization & demodulation for SCCH part that mapped onto 1st OFDM symbol
t5 – finish channel decoding for SCCH part that mapped onto 1st OFDM symbol and at this time UE can make decision on whether to stop (go to sleep) or continue receiving the rest of the TTI

Therefore, maximum micro sleep time for UE in one TTI is time interval [t5, t0’].

In case UE detects SCCH, UE may:

· If Pilot2 is present, use Pilot1 & Pilot2 of current TTI for channel estimation and equalization of SDCH received in current TTI. This imply UE needs to buffer about 1 TTI 

· Use Pilot1 of current TTI and Pilot1 of next TTI (& Pilot2 of current TTI if present) for channel estimation and equalization of SDCH received in current TTI. This imply UE needs to buffer a bit more than 1 TTI

Summary of differences between options:

	
	Option 1
	Option 2
	Comments

	Max possible sleep time in a non active TTI 
	4 OFDM symbols
	3 OFDM symbols
	Option 1 is preferred 

	Delay in SDCH decoding if Pilot1 in next TTI is sed (NOTE1)
	About 2 OFDM symbol
	About 3 OFDM symbol
	Option 1 is preferred


NOTE1: It is expected that using Pilot1 of next TTI for channel estimation for equalization of SDCH in current TTI would give significant performance gain. Therefore standard should support and enable this usage. This is another reason why pilot should be in the first OFDM symbol since UE will have more decoding time given the same ACK/NACK delay constrain.   

3/ Conclusion

From comparison above, we propose to adopt Option 1 as working assumption. The corresponding text proposal is included in the Annex
4/ References
[TR 25.814]
Physical Layer Aspects for Evolved UTRA V0.5.0 (2005-11)

[R1-050707]
“Physical Channels and Multiplexing in Evolved UTRA Downlink”, NTT DoCoMo, NEC, SHARP
[R1-051356]
“Further Issues on Downlink Pilot and Control Channel for EUTRA”, NEC
[R1-051410]
“E-UTRA DL pilot considerations”, Nokia
[R1-051344]
“Downlink pilot and control channel structure for EUTRA”, Samsung
5/ Text Proposal for TR 25.814
7.1.1.2.2
Downlink reference-signal structure

The downlink reference signal(s) can be used for at least  

· Downlink-channel-quality measurements

· Downlink channel estimation for coherent demodulation/detection at the UE

· Cell search and initial acquisition

The basic downlink reference-signal structure, consisting of known reference symbols, is illustrated in Figure 7.1.1.2.2-1.

Reference symbols (a.k.a. ”First reference symbols”) are located in the first OFDM symbol of a sub-frame. 

Additional reference symbols (a.k.a. ”Second reference symbols”) may  be located in a second OFDM symbol of the sub-frame



[image: image4.wmf] 

R

1

 

D

 

R

1

 

D

 

R

1

 

D

 

R

1

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

R

2

 

D

 

R

2

 

D

 

R

2

 

D

 

R

2

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

One sub frame

 

D

 

 : 

Data

 

R

1

 

 : 

First reference symbol

 

R

2

 

 : 

Second reference symbol

 

-

 

Exa

c

t frequency

-

domain reference

-

symbol 

 

density is T

BD (50% in this figure)

 

-

 

Frequency

-

domain staggering between first 

 

and second reference symbols is TBD

 

-

 

Exact time

-

domain position of second reference 

 

symbols is  TBD

 

One sub carrier

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

D

 

One OFDM symbol

 


Figure 7.1.1.2.2-1. Basic downlink reference-signal structure (figure assumes 7 OFDM symbols per sub frame)

The position (in the frequency domain) of the reference symbols (first reference symbols as well as second reference symbols) may vary from sub-frame to sub-frame and between cells.

The first reference symbols are transmitted in every downlink sub frame from one or multiple TX antennas.

It is still FFS if the second reference symbols are selectively transmitted or transmitted in every downlink sub frame
In the case of selectively transmitted second reference symbols, the transmission of second reference symbols could be based on e.g.

· The possibility for inter-sub-frame interpolation between first reference symbols (second reference symbols e.g. only transmitted when inter-sub-frame interpolation between first reference symbols is not possible, e.g. when some sub-frames are used for Single-Frequency-Network- based broadcast)

· Doppler, in case of common channels the highest anticipated Doppler (second reference symbols only transmitted at high Doppler)

· Scheduling decision (second reference symbols only transmitted in resource blocks being scheduled)

· Selected ”transport format”  (second reference symbols only transmitted e.g. in the case of higher-order modulation)

· Number of TX antennas used for transmission (second reference symbols only transmitted in case of transmission from more than a certain number of TX antennas)

If second reference symbols are transmitted, the possibility for different power offset between the first reference symbols and the second reference symbols could be considered.

In the case that Layer 1 downlink control signaling (more specifically signaling or part of the signaling related to downlink and uplink scheduling) is located at the beginning of the corresponding sub-frame (still TBD if this will be the case or if the Layer 1 signaling is to be spread over the sub-frame), it is currently assumed that demodulation of this information could be carried out without using the second reference symbols of the corresponding sub-frame (however, second reference symbols of previous sub-frames may be used if available).
It is currently assumed that first reference signal in the next sub-frame (if available) can be used for demodulation of the data and/or control signal in the current sub-frame.   
Possible transmission of additional UE-specific downlink reference symbols are to be considered for dynamic beam forming or MIMO
It should be possible to create multiple mutually orthogonal downlink reference signals. 

· To support transmission using multiple TX antennas within one cell 

· To allow for orthogonal reference signals between sectors and fixed beams of the same Node B.
Mutual orthogonality between reference signals may be achieved in either the frequency domain (reference symbols of different antennas/sectors/beams transmitted on different OFDM sub carriers within a given OFDM symbol) or in the code domain (reference symbols of different antenna/sectors/beams modulated by mutually orthogonal patterns). Both alternatives are to be considered. 

Means to have good correlation properties also between reference signals of cells of different Node B should be considered.
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Exaxt frequency-domain reference-symbol �density is TBD (50% in this figure)
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