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1. Introduction
Uplink reference signal can have two categories according to their purposes; one is for channel quality measurement for uplink scheduling (CQ pilot) and the other is for channel estimation for data demodulation (DM pilot). In this paper, we discuss uplink pilot multiplexing schemes for Evolved UTRA assuming fast channel dependent scheduling in uplink.
2. Uplink pilot multiplexing
To perform fast channel dependent scheduling in uplink, we assume that each UE is assigned their ‘CQ pilot transmission band’ which is equal to or smaller than its transmission bandwidth capability, where scheduling for the UE is performed within that band [1]. A UE is scheduled to transmit UL data over the bandwidth equal to or smaller than its CQ pilot transmission band.
CQ pilot of a UE should be transmitted over its whole CQ pilot transmission band possibly in a periodic manner. Multiple UEs should be able to transmit CQ pilot in the same CQ pilot transmission band and CQ pilots of different UEs should be multiplexed orthogonally to support fast scheduling. On the other hand, DM pilot is transmitted by the UEs which transmit uplink data. Accordingly, in case of data transmission with localized resource allocation, only one UE transmits DM pilot within a data transmission band. 
In the followings, we discuss some details of multiplexing CQ pilots between different UEs, and multiplexing CQ pilot and DM pilot of a UE. 
· Multiplexing Uplink CQ pilot within a short block
It seems generally agreed that maximum around 12 pilot channels can be multiplexed in a certain band in a sub-frame for both CDM and FDM without big loss in data demodulation performance. For example, 6 pilot channels can be multiplexed in one SB and it becomes twice using both SBs with FDM [2][3]. In case of CDM, maximum of 6 orthogonal CAZAC sequences from one code can be used for a channel with 5 µs excess delay spread (e.g., TU channel) [3] in a SB of 33.33 µs symbol length. In addition, employing modulation on CAZAC sequence across two SBs, the number of orthogonal pilot channel may increase as twice [5]. 

The same logics may be applicable to CQ pilot multiplexing. However, to get a sufficient uplink fast scheduling gain, Node B scheduler has to estimate the uplink channel qualities of all the fast-scheduled UEs in a cell, so, much more CQ pilot channels than 12 should be multiplexed in uplink. Therefore, it should be evaluated further if CQ pilot with sparser subcarrier distribution than with DM pilot is possible without big loss of scheduling gain in case of FDM.
· Uplink CQ pilot multiplexing by subframe level TDM
In order to support many fast-scheduled UEs, sub-frame level TDM [6] where UEs transmit CQ pilot every multiple sub-frames on top of UE multiplexing scheme within a sub-frame by FDM or CDM should be considered at this stage. It means every UE doesn’t necessarily transmit CQ pilot every sub-frame. 

In sub-frame level TDM, UEs transmit CQ pilot according to their time offset and period for CQ pilot transmission which can be configured for each UE. Then, if UEs transmit CQ pilot every other sub-frames with different time offset, for example, the number of supportable UEs for channel dependent scheduling is twice as large as the number of CQI pilots when they are transmitted every sub-frame. There may be some loss in per user throughput due to the rarer update of uplink channel quality information in case of TDM depending on the mobile velocity. However, in terms of sector throughput, the loss can be compensated by accommodating larger number of UEs which transmit uplink CQ pilot. This is especially true if there are a large number of low to medium speed UEs in the cell, which is shown in another LGE paper [7]. 

In addition, when the transmission bandwidth is wide, it may be hard for some UEs to transmit CQ pilot over the configured CQ pilot transmission band (which may or may not be equal to the whole system bandwidth) in a sub-frame due to limited UE battery power. Thus, the whole cell reception bandwidth can be divided into several sub-bands where time offset and period of CQ-pilot transmission can be configured independently for each UE. 

Since offset and period of CQ pilot transmission can be configured for each UE according to coherence time, fast moving UEs can transmit CQ pilot more frequently than slow moving UEs. It can be easily seen in Figure 1, where some UEs transmit CQ pilot every two sub-frame and other UEs transmit CQ pilot every four sub-frame. Also, considering time offset and period of CQ pilot transmission are configured at every sub-band, more UEs can be supportable for fast frequency dependent scheduling. 

Appropriate period of CQ pilot transmission and the impact of delayed channel quality information for channel dependent scheduling should be investigated according to coherence time and UE speed. 
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Figure 1. CQ pilot transmission with sub-frame level TDM when the whole transmission bandwidth is divided into 4 sub-bands

· Multiplexing Uplink DM pilot and CQ pilot
When a UE transmit uplink data and CQ pilot simultaneously, CQ pilot can be used in the channel estimation for the data demodulation. Anyhow, CQ pilot only may not be sufficient for data demodulation if we assume sparser subcarrier allocation for CQ pilot (in case of FDM) or lower transmit power per subcarrier for CQ pilot (in case of CDM). Moreover, if a UE doesn’t transmit CQ pilot every subframe, the UE may not transmit CQ pilot when it transmits data. One simple solution to this is to specify DM pilot transmission independent of CQ pilot transmission. 
When both CQ pilot and DM pilot are transmitted within the same sub-frame, CQ pilot may be used as well in demodulation in addition to DM pilot. Nevertheless, enough DM pilot resources should be reserved for the data transmitting UE within each uplink resource unit at every sub-frame.
For example, assume that a quarter of whole pilot resources need to be allocated for DM pilot in order to guarantee a certain level of BLER performance. Then, in FDM case, if we assume CQ pilot of a UE should be allocated every 12th subcarrier in each short block in a subframe, 9 CQ pilot resources remain in each subframe, which is depicted in Figure 2. In addition, if we assume all the UEs CQ pilot are transmitted once every 8th subframe, 72 (9x8) UE’s CQ pilots can be multiplexed in maximum. This number may be increased more if some UEs transmit CQ pilot only in a part of the total CQ pilot bands within whole bandwidth.
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Figure 2.  Example of multiplexing CQ pilot and DM pilot

In multiplexing CQ pilot and DM pilot, it is important how much resource should be reserved for DM pilot, so, how much resource can be used for CQ pilot resultantly. In Figure 3, we show simulation results of uplink data demodulation with various resource allocations for DM pilot especially in case of FDM. In the legends of the figure, x and y of ‘x+y’ mean the portion of the subcarriers used as DM pilot within 1st short block and 2nd short block respectively. In Figure (a), the transmit power of subcarriers carrying DM-pilot is set same with data subcarriers and remains constant regardless of the amount of resource used for DM pilot. In this case, it is shown that the loss due to the sparser subcarrier spacing for DM pilot reaches about 1dB if DM pilot utilize 1/4 of the subcarriers in two short blocks. On the other hand, Figure (b) shows results when DM pilot transmit power is boosted to keep the same total energy for DM pilot transmission as the amount of subcarriers allocated to DM pilot decreases. In this case, almost no performance degradation appears until the subcarrier resource allocated to DM pilot decreases up to 1/4 of the total resources in two short blocks. Those results suggest that there is a possibility of more than half of the subcarrier resources in short blocks can be used for CQ pilot transmission.
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(a) The case of constant DM pilot transmit power per subcarrier
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(b) The case of constant total DM pilot transmission energy

Figure 3. Block error rate performance according to the amount of resource for DM pilot (Localized RB, 75 subcarriers, QPSK, R=1/3, Pedestrian B channel model, 3 km/h)

3. Conclusions

In this paper, we discussed pilot transmission methods in Evolved UTRA uplink, especially for CQ pilot. In order to support many active UEs, sub-frame level TDM should be considered on top of UE multiplexing scheme within a sub-frame by FDM or CDM. In addition, transmission of CQ pilot and DM pilot of a UE should be independent of each other.
Finally, it is proposed to include the text proposal attached to this paper in TR25.814 [4].
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9.1.1.2.2
Uplink reference-signal structure

As indicated in Section 9.1.1, uplink reference signals are transmitted within the two short blocks, which are time-multiplexed with long blocks. Uplink reference signals are received and used at the Node B for the following two purposes:

· Uplink channel estimation for uplink coherent demodulation/detection

· Possible uplink channel-quality estimation for uplink frequency- and/or time-domain channel-dependent scheduling

Provided that uplink transmissions are received in a time-aligned fashion (within the cyclic-prefix tolerance), multiple mutually orthogonal reference signals can be created. Multiple such mutually orthogonal uplink reference signals can be allocated to 

· A single multi-transmit-antenna UE to support e.g. uplink multi-layer transmission (MIMO)

· Different UEs within the same Node B

As shown in Figure 9.1.1.2.2-1, the uplink reference-signal structure should allow for: 

· Localized reference signals occupying a continuous spectrum.

· Distributed reference signals occupying a comb-shaped spectrum.

Note that, due to the use of the short block for the transmission of reference-signals, the “sub-carrier bandwidth”, is twice the “sub-carrier bandwidth” for data transmission in long blocks.
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Figure 9.1.1.2.2-1 Distributed (left) and localized (right) reference-signal structure

Orthogonality between uplink reference signals can be achieved using the following methods: 

· By transmitting each uplink reference signal across a distinct set of sub-carriers, as in “Figure 9.1.1.2.2-2 left.” This solution achieves “signal orthogonality in the frequency domain” and applies to both localized and distributed reference-signal structures. This approach is referred to as FDM below.

· By constructing reference signals that are orthogonal in the “code domain”, with the signals transmitted across a common set of sub-carriers (example with contiguous sub carriers in Figure 9.1.1.2.2-2 right). As an example, individual reference signals may be distinguished by a specific cyclic shift of a single CAZAC sequence. This approach is referred to as CDM below.

· Orthogonality in the time domain (subframe level TDM)
· A combination of the methods above
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Figure 9.1.1.2.2-2  Reference-signal orthogonality in frequency domain (left) and “code” domain (right) respectively. 
 Note that orthogonality in the frequency domain is also possible for a localized reference-signal structure.

The applicability of different reference-signal structures to different transmission structures is as follows.

Reference-signal for demodulation/detection in case of localized data transmission:

· To multiplex reference-signals from different UEs occupying different data spectrum, FDM is used.
· Localized reference signal occupying the same spectrum as data transmission or
Distributed reference signal confined within the same bandwidth as the data transmission but occupying a fraction of the data spectrum can be used.  
· Multiplexing of reference signals for the case of a UE with multiple antennas or multiple UEs in MU-MIMO is to be studied further.
Reference-signal for demodulation/detection in case of distributed data transmission:

· Reference signal distributed to allow for channel estimation of the distributed data. As mentioned, for FDM, due to the use of short blocks (SB) for reference-signal transmission, each reference-signal “comb finger” is twice as large as the corresponding “comb-finger” for the distributed data transmissions in the long blocks (LB). Thus to provide better frequency sampling of the channel for the channel estimation, frequency-domain staggering of the reference signals of SB2, relative to SB1 may be applied when both the SB1 and SB2 are used for reference-signal for demodulation/detection of distributed data transmission as shown in Figure 9.1.1.2.2-3. Note that the staggering of distributed reference signals in SB1 and SB2 could also be used in case of localized data transmission.
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Figure 9.1.1.2.2-3 An example of Frequency-domain staggering of the reference signals of SB2, relative to SB1
· Reference signal that occupies a set of sub-carriers, which may overlap the sub-carriers which are used by the long block (data). An example is portrayed in Figure 9.1.1.2.2-4.  
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Figure 9.1.1.2.2-4 An example of overlap the sub-carriers which are used by the long block (data).

· For multiplexing reference-signals from different UEs within the same Node B, distributed FDM and/or CDM is used. 
Reference-signal for uplink channel-quality estimation (channel sounding):
· Reference signal may occupy at least partly different spectrum than data transmission. This allows for channel-quality estimation also for other frequencies than that used for data transmission and, as a consequence, allows for uplink channel-dependent scheduling.
· For multiplexing reference-signals from different UEs within the same Node B, distributed FDM and/or CDM is used. In addition to this, subframe level TDM can be used to allow more number of reference signals multiplexed.
· Multiplexing of reference signals for the case of a UE with multiple antennas or multiple UEs in MU-MIMO is to be studied further.
· Transmission of reference signal for uplink channel-quality estimation is independent of the transmission of reference signal for demodulation/detection. However, when reference-signal for uplink channel-quality estimation is transmitted with data symbols within the same sub-frame, a part of this reference-signal can also be used for channel estimation for demodulation/detection of the data symbols.
The two SBs can be used for transmission of reference-signals for different purposes listed above.
When the reference signals occupying the different size of the spectrum (FFS) are multiplexed into overlapped frequency band, different sub-carriers should be assigned for the reference signals within the overlapping frequency band in order to achieve orthogonal transmission.
The uplink reference signals are based on CAZAC sequences. Which exact type of CAZAC sequences is FFS.

9.1.1.2.3
Multiplexing of L1/L2 control signaling
---------------------------------  End of Text Proposal  ------------------------
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