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1. Introduction

In this paper, we discuss uplink pilot multiplexing schemes for Evolved UTRA assuming fast frequency selective scheduling in uplink. For the fast frequency selective scheduling, uplink pilot channel 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).
The uplink subframe structure in TR on SC-FDMA [1] assumes two short blocks (SBs) in a subframe. In this paper, we assume two SBs are considered to be utilized for these pilot transmissions: one is supposed to be allocated for DM pilot and the other SB is for CQ pilot. We also consider the possibility for multiplexing CQ pilot and DM pilot in a same SB. 

2. Uplink pilot multiplexing
To perform frequency domain channel-dependent scheduling in uplink, we assume that each UE is assigned their ‘scheduling bandwidth’ which is equal to or smaller than its transmission capability [2]. Data transmission of a UE is scheduled over equal or smaller bandwidth than scheduling bandwidth. CQ pilot of a UE should be transmitted over its whole scheduling bandwidth, possibly in a periodic manner. However, DM pilot is transmitted only with uplink data transmission and spans over the data transmission bandwidth. 

In the following sections, we discuss some details of multiplexing CQ pilots between different UEs, and multiplexing CQ pilot and DM pilot of a UE. 
· Multiplexing CQ pilots between different UEs
1) CDM (Code Domain Multiplexing)
Orthogonality in code domain is achieved using, for example, CAZAC sequence, which has good autocorrelation characteristics [3]. The CQ pilot with CDM can be transmitted with smaller power than DM pilot to accommodate multiple UEs at the same time. 

However, the number of orthogonal codes generated by CAZAC sequence is limited and maintaining orthogonality among UEs with different scheduling bandwidths may be difficult [4]. In that case, interference cancellation at Node B receiver side should be considered to support many of active UEs with different scheduling bandwidths.
2) FDM (Frequency Domain Multiplexing)
CQ pilot can be FDMed within an assigned scheduling bandwidth by a distributed manner as shown in Figure 1. The separation between subcarriers allocated for CQ pilot of a UE should be larger than that for DM pilot to accommodate multiple UEs at the same time. 
If different scheduling bandwidths between different UEs are partially overlapped, FDM is more promising than CDM to achieve orthogonality. On the other hand, number of UEs possibly transmitting CQ pilot is hard limited in FDM case compared to CDM case with interference cancellation at receiver side. 
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Figure 1  CQ pilot channel transmission with frequency division multiplexing
3) TDM (Time Domain Multiplexing)
To support many of active UEs, CQ-pilot can be transmitted in a TDM manner. If the channel variation is slow enough compared to the subframe length, or to save UE battery power and/or to increase number of UEs transmitting CQ pilot as well as reducing interference, the CQ-pilot may not necessarily transmitted every subframe. In that case, different UE’s CQ pilots can be transmitted in different subframes. Time offset and period of CQ-pilot transmission can be configured for each UE. 
Figure 2 shows an example of TDM of CQ pilot transmission, where two UEs transmit CQ pilot every 2 subframes but with different time offset.

Employing only one of the multiplexing options (FDM, CDM and TDM) may not be a sufficient solution, so, combination of the options should be considered at this stage.

[image: image2.emf]time

frequency

sub-frame 1

sub-frame 2

sub-frame 3

sub-frame 4

 SB2

 SB2

 SB2

 SB2

CQ pilot for UE 1

CQ pilot for UE 2


Figure 2  CQ pilot channel transmission with time division multiplexing assuming CQ pilot is transmitted in SB2
· Multiplexing  CQ pilot and DM pilot
In some cases, such as for high speed UEs, DM pilot in only one SB may not be enough for accurate channel estimation performance. If we assume a scheduled UE transmits CQ pilot in a corresponding subframe, it can be used for data demodulation in conjunction with DM pilot. 
However, if number of UEs transmitting CQ pilot in that subframe gets larger, the allocated resource for CQ pilot may not be sufficient to interpolate two SBs. Hence, DM pilot should be necessarily transmitted in the other SB, additionally, within the subframe. In that situation, they should be multiplexed with CQ pilot in a same SB, orthogonally. Resource for the additional DM pilot transmission should be reserved, which results in reduction of number of CQ pilot transmitting UEs in a subframe. Only a data-transmitting UE can use this resource for its DM pilot transmission within its data transmission bandwidth. 

Figure 3 depicts possible options for the multiplexing of CQ pilot and DM pilot, especially for FDM cases. Additional DM pilot transmission is illustrated in Figure 3.(a). 

Considering subframe level TDM of CQ pilots of different UEs, reservation of resource for additional DM pilot transmission is always necessary since a UE may not be able to transmit CQ pilot when it is scheduled to transmit uplink data. This is depicted in Figure 3(b).
When DM pilot transmission is limited in only one SB in a subframe, it allows more UEs transmit their CQ pilot so that system capacity is possibly increased. On the other hand, additional DM pilot enables better channel estimation performance which results in higher throughput of individual UE in uplink, however, the number of CQ pilot transmitting UEs in a subframe is decreased compared to the conventional one (no additional DM pilot). Basically, the performance of uplink scheduler could be evaluated in total throughput and individual UE throughput. It is further study which one brings better performance. 
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(a) Additional DM pilot in SB2
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(b) Additional DM pilot in SB2 in case of TDM of CQ pilots
Figure 3 Multiplexing of CQ pilot and DM pilot assuming SB1 is allocated to DM pilot transmission and SB2 is shared by CQ pilot and DM pilot. 

3. Conclusions

In this paper, we discussed pilot transmission methods in Evolved UTRA uplink, especially for CQ pilot. CQ pilot can be transmitted by FDM or CDM or combination of both as DM pilot does, and combination of subframe unit TDM should be also considered. Also, multiplexing methods of CQ pilot and DM pilot in a SB can be considered. 
Finally, it is suggested to include the relevant text in R1-060538 in TR25.814 [1].
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