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1 Introduction

In the last San Diego meeting, numerous contributions [2]~[13] on downlink pilot structure have been presented. Many of the contributions have shown simulation results comparing performance of TDM and scattered pilot structures. However, the results and conclusions are not aligned between the contributions due to the difference in simulation assumptions such as channel model, channel estimation method, detailed pilot structure, etc. In this contribution, we highlight and discuss key benefits and drawbacks of the TDM and scattered pilot structures. In the discussion, we try to evaluate the power saving gain achievable by the micro-sleep mode, which is enabled by an early decoding of the control channel time-multiplexed in the early part within the sub-frame. In relation with that, we also briefly discuss whether which structure is be preferred for the DL control channel.
2 Pilot channel structure
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Figure 1. TDM pilot structure

The TDM pilot structure in this contribution refers to that shown in Figure 1. As described in the TR 25.814 [1], pilot tones can be transmitted in either of the 1st or 2nd OFDM symbol interval. The scattered pilot structure refers to those shown in Figure 2, in which multiple pilot symbol intervals exist within a sub-frame and positions of the pilot sub-carriers are different in different symbol intervals. The spacing between pilot sub-carriers and location shown in Figures 1 and 2 are just an example and should be decided based on further study results.
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Figure 2. Scattered pilot structure: (a) two pilot symbols within a sub-frame, (b) four pilot symbols within a sub-frame
Key benefits and drawbacks of the TDM and scattered pilot structure, which seems to be agreed to in most contributions, are summarized in Table 1.
	
	Benefit
	Drawback

	TDM pilot
	UE power saving by micro-sleep mode
	Need for additional, dedicated pilot for reliable channel estimation under situations such as high mobility, no existence of next unicast sub-frame, high order modulation, etc.

	Scattered pilot
	Robust channel estimation even in high mobility situations and thus no need for additional, dedicated pilot for improving channel estimation
	UE should be awake during most of the sub-frame


Table 1. Comparison of TDM and scattered structure pilot
As seen in Table 1, the key benefit of the TDM pilot is the UE power saving achieved by applying the micro-sleep mode [6] at the receiver, which becomes a drawback of the scattered pilot. However, the TDM pilot suffers from severe performance degradation in high mobility situations [2][3][[9][13], especially with high order modulation, which is not the case in the scattered pilot. While the performance evaluation of the TDM and scattered pilot structure has been made in many contributions, no contribution has shown any quantitative data on the UE power saving coming from the micro-sleep mode.
It may be argued, as another important benefit of the TDM pilot, that the TDM pilot outperforms the scattered pilot in many cases, especially at low-to-medium speeds. However, the simulation results and conclusions are not consistent between the contributions [2]-[14]. But, it should be noted that when proper channel estimation algorithms are applied, the scattered pilot outperforms the TDM pilot in most cases and the performance difference increases with increasing the mobile speed and modulation order, even to a few dB [2][3]. Also, even in the results in favour of the TDM pilot with assuming a simple linear interpolation, the TDM pilot marginally outperforms the scattered pilot by much less than 1 dB under low speeds (less than 120 km/h) and the trend is reversed in high speeds [5][13][14] under the 7.14% pilot overhead as seen in Figure 1 and 2(a).
Below we discuss the UE power saving and dedicated pilot issues raised in Table 1 in more detail.
2.1 UE power saving by micro-sleep mode

In this section, we try to predict how much the UE power can be saved by employing the micro-sleep mode. The evaluation of the saved power is made based on real data on power consumed by each of the key parts in commercial DS-CDMA terminals as given in Table 2 below. The values have been obtained from device data sheets and partly from measurement:
	Parts
	Power consumption

	Baseband Modem
(BB TX/RX, Vocoder, CPU)
	10 %

	RF parts (TX, RX, Power amplifier)
	65 %

	Display device (LCD)
	25 %


Table 2. UE power consumption data
It is noted that in Table 2, we are neglecting some subsidiary parts which will consume a portion of power in the UE. The UE power saving by the micro-sleep mode is directly related with the power consumed by the receiver part of the baseband modem. When the decoded TDM control channel indicates that no data is transmitted for the reference UE in the given sub-frame, the UE modem may stop receiver operations and thus save the power during the remaining OFDM symbol intervals as seen in Figure 3. As similar in Figure 3, the control channel can be multiplexed into the second OFDM interval depending on the overall channel structure, e.g., consideration of the MIMO pilots, in which case the achievable sleep-mode duration will be reduced.
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Figure 3. TDM control channel structure and the micro-sleep mode operation
In estimating the resulting UE power saving, we take into account the following things:

· RF parts cannot be turned-off during the short micro-sleep mode duration and thus no power will be saved from the RF parts
· Display device is assumed to be turned-off during the call in cases of voice calls, but to be turned-on in cases of video call and data communications

· The resulting power saving for the modem receiver will not be a big portion in the whole power consumed by the baseband modem considering that the transmitter, vocoder, and CPU are also included in the modem

· The total duration of the micro-sleep mode will be a small portion of the whole call duration
· From the above 3rd and 4th bullet points, we assume that the micro-sleep mode could lead to about 50 % saving in the power consumed by the baseband modem. This assumption seems to be in favour of the micro-sleep mode gain and we expect that the actual value will be quite smaller than 50 %
Based on the above considerations and the current DS-CDMA terminal data given in Table 2, we estimate the UE power saving achieved by the micro-sleep mode as follows:
	
	Considered UE parts
	UE power saving

	Voice call
	Modem, RF
	6.7 %

	Video call
	Modem, RF, Display
	5 %


Table 3. Estimated UE power saving

Considering the values shown in Table 3, the UE power saving by the micro-sleep mode seems insignificant compared to the resulting performance degradation in channel estimation and control channel decoding, which will also be further discussed in Section 3.
2.2 Need for dedicated pilot

The requirement given in TR 25.913 [15] stipulates that the E-UTRAN should be optimized for low mobile speed and mobility across the cellular network shall be maintained at speeds from 120 km/h to 350 km/h (or even up to 500 km/h depending on the frequency band). As discussed early in Section 2, the TDM pilot suffers from severe performance degradation under high UE speeds and, even more, can completely fail when pilots in the next sub-frame cannot be utilized in channel estimation, e.g., due to time-multiplexed broadcast in the next sub-frame [2][3][[9][13]. Thus, with the TDM pilot, the UE may frequently fail to meet the mobility support requirement given in the TR 25.913, in high mobility situations. In this regard, adoption of the additional, dedicate pilot may be unavoidable with the TDM pilot, which is quite undesirable due to:
· Additional signalling required for informing UE of the dedicated pilot transmission
· Reduction in the resource allocated to data channel
It should be noted that the scattered pilot shows marginal performance degradation with increasing the mobile speed and thus the additional, dedicated pilot does not need to be employed for improving the channel estimation at high speeds.
3 Control channel structure
As discussed partly in Section 2.1, a key supporting argument for the time-multiplexed control channel shown in Figure 3 is the UE power saving achieved by early decoding of the control channel and then going into the micro sleep-mode when no data channel is expected in the sub-frame.
However, in view of performance, the TDM control channel structure is inferior to that scattered in both time and frequency domain as shown in Figure 4. Performance of the scattered control channel relative to the TDM control channel improves with an increase in mobile speed [16].
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Figure 4. Scattered control channel structure.
The pros and cons of the scattered control structure can be summarized as follows:
· Pros

· Better performance compared to the TDM structure due to the additional time diversity gain

· Possible to flexibly control the control channel power by adjusting the relative power between channels transmitted in the same OFDM symbol interval. On the contrary, the TDM control channel is difficult to support this feature.
· Cons
· Difficult to support the micro-sleep mode

Possibly larger delay in the data channel decoding compared to the TDM control channel structure may be considered as another drawback of the scattered channel structure. However, considering that the data channel decoding normally starts after all the data are received, this issue may not need to be considered seriously.
Since UE power saving by the micro-sleep mode does not seem to give significant benefit as discussed in Section 2.1, the scattered control channel structure seems preferable to the TDM structure, as for the case of the pilot channel structure.
4 Conclusion
In this contribution, we have evaluated the UE power saving effect achievable by the micro-sleep mode, which is claimed to be a key benefit of the TDM pilot and control channel structures. According to the evaluation, the resulting UE power saving seems to be insignificant under the current terminal technology. Thus, we propose to take the following pilot and control structure as a baseline for EUTRA downlink:

· Scattered pilot channel structure
· Transmitted in multiple OFDM symbol intervals in each sub-frame
· Benefit: good performance, no need for additional, dedicated pilot for improving the channel estimation
· Scattered control channel structure
· Scattered in both time and frequency domain within the sub-frame
· Benefit: good performance, flexible assignment of the control channel power
We accordingly propose to adopt the attached text proposal in the TR 25.814.
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============================= Start of the text proposal ==================================

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

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

Additional reference symbols (a.k.a. ”Second reference symbols”) are located in other OFDM symbols of a sub-frame. 
The position (in the frequency domain) of the reference symbols (first as well as second reference symbols) may vary from sub-frame to sub-frame.

The first reference symbols are always transmitted from one or multiple TX antennas.
The second reference symbols are also always transmitted in order to well support:

· Tracking of the time-domain channel variation
· Demodulation of high order modulation symbols





· 
· 
· 
· 
Additional second reference symbols may also be transmitted selectively, e.g., in case of transmission from more than a certain number of TX antennas
Additional UE-specific reference signals are to be considered for dynamic beam forming

It should be possible to create multiple mutually orthogonal reference signals. 

· To support transmission using multiple TX antennas 

· To allow for orthogonal reference signals between sectors and fixed beams of the same Node B.
Means to have good correlation properties also between reference signals of cells of different Node B should also be considered.
============================= End of the text proposal ==================================









