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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 reference signal) and the other is for channel estimation for data demodulation (DM reference signal)[1]. 
In this contribution, LGE’s views on uplink reference signal multiplexing mechanism are envisaged, that include CQ reference signal multiplexing and DM reference signal multiplexing in case of wider DM reference signal transmission. (This contribution is a revised version from R1-062562)
2. Uplink reference signal multiplexing
During the last WG1 meeting, it was agreed to have localized transmission only for uplink data transmission based on the simulation results from couple of contributions [2][3][4][5]. Therefore, it would be natural that DM reference signal can also be transmitted in L-FDMA manner within the same region as data transmission. In this case, it is not necessary to deliberate on the orthogonality constraint among UEs within the same cell, making the design for DM reference signal somewhat simpler. Among adjacent cells, different CAZAC sequences can be allocated for each cell by means of cell planning and/or sequence hopping so that one can reduce the interference from the other cells utilizing good cross correlation property of CAZAC sequences [6][7]. Since the number of available CAZAC sequences is function of sequence length, it is necessary to take somewhat special consideration on the minimum RB allocation [7]. The question is how many sequences should be supported for cell planning. Due to the recent agreement on RB size of 12 subcarriers, only 4 or 5 different CAZAC sequences are available if one assumes localized uplink data transmission within two RBs (12 subcarriers over 12 long blocks in 1ms). The question is whether one can live with 5 different CAZAC sequences. If one could manage to operate with this small number of sequences, simple L-FDMA could be a solution for DM reference signal multiplexing. However, if sequence number larger than 5 is to be supported, somewhat special treatment is necessary to secure large number of CAZAC sequences. There was a previous proposal suggesting that DM reference signal could be allowed to be wider than resource allocation for data. In this case, reference signal multiplexing may be necessary among multiple UEs sharing the wider reference signal bandwidth. 
Reflecting the above discussion and recent agreements, various multiplexing schemes could be devised for uplink reference signal as given in this contribution.
2.1 General design strategies for reference signal structure 
General design strategies for uplink reference signal structure should reflect the recent decisions on TTI length and uplink transmission mode including the possibility of intra TTI hopping. Since the TTI was agreed as 1ms, there are four short blocks available for reference signal. Before finally deciding how to utilize these four short blocks, several aspects should be taken into account. 
The first thing to consider is how to support CQ reference signal. Currently, two alternatives are being considered. One is to utilize additional long block for CQ reference signal [7][8]. The other is to multiplex CQ reference signal and DM reference signal within the same short block by means of distributed FDM [9]. 
The second aspect to consider is the recent decision on the applicability of intra TTI hopping in uplink. The implication is that it is highly desirable that each 0.5ms has equivalent channel estimation capability for uplink data, requiring balanced DM reference signal transmission between two subframes. Considering the above two aspects, general uplink reference signal structure can be depicted as in Figure 1.
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Figure 1. General uplink reference signal structure

Figure 1(a) shows the general uplink reference signal structure within 1ms when CQ reference signal is transmitted over additional long block. The exact long block where CQ reference signal should be located is FFS. In this example, CQ reference signals from multiple UEs are assumed to be located in LB12. Depending on the number of UEs who want to transmit CQ reference signal at the same time, it may be possible to utilize more than one long block for CQ reference signal transmission. As for DM reference signal, all four short blocks are dedicated for DM reference signal. 

Figure 1(b) shows the general uplink reference signal structure within 1ms when CQ reference signal and DM reference signal is multiplexed within the same SB by means of D-FDMA. In this figure, it is assumed that only SB4 is used to convey CQ reference signal. However, more than one SB may be used for CQ reference signal transmission if there are many UEs who want to transmit CQ reference signal at the same time. One drawback of this option is that the length of DM reference signal is cut in half owing to the utilization of distributed FDMA, resulting in the reduced availability of CAZAC sequences. Also, there may be slight degradation in channel estimation performance due to the sparser subcarrier spacing for DM reference signal in SB4. In order to compensate any performance degradation, subcarrier power level can be boosted up by 3 dB. Another issue to consider is possible surge in PAPR when a certain UE transmits CQ reference signal and DM reference signal simultaneously within the same short block. If the resulting PAPR after multiplexing is smaller than that of QPSK data transmission in long block, it will not cause any problem. Otherwise, the UEs who transmit the CQ reference signal at certain SB might be prevented from transmitting DM reference signal at the same time. Meanwhile, CQ reference signal can be utilized as DM reference signal by Node B at that SB.
Among the above two options, our previous preference was on the second option (multiplexing CQ and DM RS on the same SB) since the first option would have apparent drawback of reduced peak data rate in uplink. However, as of now, LGE is quite flexible for these two options since each option has its own pros and cons. If we are mandated to choose one,  our slight preference is on the first option since the latter option would impose a lot of complicated design issue and cuts the number of available CAZAC code sequences by half. 

Both Figure 1(a) and Figure 1(b) assumes there are three different CQ reference signal bandwidths; wide bandwidth, mid bandwidth and narrow bandwidth. It is FFS how many different bandwidths should be supported for CQ reference signal, even though it is delineated as 3 in this example. In order to maintain orthogonal property, multiplexing of CQ reference signals with different bandwidths should be done by distributed FDM. The rationale of having different CQ bandwidths can be explained as follows. When the transmission bandwidth is wide, it may be hard for some UEs to transmit CQ reference signal over the configured CQ reference signal transmission band (which may or may not be equal to the whole system bandwidth) in a TTI due to limited UE battery power. Thus, the whole cell reception bandwidth can be divided into several sub-bands so that certain power limited UEs just transmit CQ reference signal on some parts of whole sub-bands. Multiplexing of CQ reference signals within the same bandwidth can be done either by FDM or CDM. But, CDM is a preferred choice since it provides larger number of CAZAC sequences than FDM. 
Also, it should be noted that on top of CDM within one TTI, TDM can be supported at TTI level in order to support larger number of UEs. In TTI level TDM, UEs transmit CQ reference signal according to their time offset and period for CQ reference signal transmission which can be configured for each UE. Then, if UEs transmit CQ reference signal every other TTI with different time offset, for example, the number of supportable UEs for channel dependent scheduling is twice as large as the number of CQ reference signals when they are transmitted every TTI. There may be some loss in per user throughput due to the rarer update of uplink channel quality information in case of TDM. However, in terms of sector throughput, the loss can be compensated by accommodating larger number of UEs which transmit uplink CQ reference signal. This is especially true if there are a large number of low to medium speed UEs in the cell as presented in [10]. 
Figure 2 shows illustrative example how multiple UEs with different CQ bandwidths and transmission periods are multiplexed together. 
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Figure 2. Illustrative example of CQ reference signal multiplexing

As can be seen in Figure 2, the whole reception bandwidth is divided into four sub-bands. The bandwidth of wide CQ reference signal spans whole four sub-bands. Mid band CQ reference signal is transmitted over two sub-bands. Finally, narrow CQ reference signal bandwidth corresponds to one sub-band. In this example, UE 1 is configured to transmit wide CQ reference signal every TTI while UE 2 is configured to transmit wide CQ reference signal every other TTI. When UE 1 and UE 2 transmit wide CQ reference signal at the same time, they are multiplexed by means of CDM. As for UE 3 and UE 5, they are configured to transmit mid band CQ reference signal due to power limitation even though they have capability of transmitting over whole system bandwidth. Therefore, in order to cover whole system bandwidth, the concept of CQ reference signal hopping can be used so that CQ reference signal spanning sub-band 1 and sub-band 2 are transmitted one time and then sub-band 3 and sub-band 4 at the other time alternatively. Of course, there might be some loss in throughput since there will be surely some increase in latency before Node B scheduler obtains full information on whole bandwidth. However, in terms of CQ reference signal transmission overhead, the alternated transmission over split bandwidth would be better than transmission over wide bandwidth at once. Regarding UE 4, transmission bandwidth itself is confined to two sub-bands and therefore UE 4 transmits mid band CQ reference signal for frequency domain scheduling over these two sub-bands. However, the moving speed of UE 4 is slow enough so CQ reference signal is transmitted every fourth TTI. UE 6~UE 11 are UEs who are configured to transmit narrow CQ reference signal while their transmission bandwidth itself spans whole system bandwidth. In summary, CQ reference signals with different bandwidths are assigned to different frequency comb so that they can be multiplexed together while maintaining orthogonal property. On the contrary, CQ reference signals from multiple UEs with the same CQ transmission bandwidth are multiplexed by means of CDM. Also, depending on UE speed, the transmission period of CQ reference signal is determined.
2.2 Design for DM reference signal reflecting the decision in resource block size
The remaining issue to be considered for reference signal multiplexing is how many difference CAZAC sequence should be supported for cell planning. This discussion should take the minimum resource block size for data transmission into account since the number of available CAZAC sequence is function of sequence length and hence function of resource block size. Three different options can be considered.
Before going to the explanation of each option, I would like to point out again that exemplary figure in each option is based on the assumption of no intra TTI hopping. Therefore, the structure given in figure 2 (b) should be considered as basic uplink reference signal structure. Anyhow, let me go to directly to option (a).
(a)  Option 1: Only L-FDMA is supported for reference signal regardless of size of RB allocation for data
In this option, DM reference signal transmission is done only by pure L-FDMA within the same frequency region as data transmission even for the minimum resource block allocation of 12 subcarriers. In this case, the number of different CAZAC sequence is only 5 (CQ reference signal on additional LB). Therefore, large other cell interference on reference signal is inevitable even with very strict cell planning due to the limited sequence number. If sequence operation can be done one way or another, it is not necessary to take into account the multiplexing mechanism among UEs. However, it is very questionable and doubtful whether proper sequence operation can be performed even with the very stringent sequence planning.

(b)  Option 2: DM reference signal is allowed to be potentially wider than resource allocation: uplink data transmission from multiple UEs can be multiplexed in L-FDMA within the DM reference signal bandwidth
In this option, span of DM reference signal is devised to be wider than or at least be equivalent to a certain predefined minimum resource block allocation in order to allow longer sequence length and therefore have more reference signal sequences for cell planning. The minimum resource block allocation for reference signal should be determined by reflecting upon the requirement on the number of reference signal sequences for cell planning. For example, let’s assume that minimum resource block allocation for DM reference signal is 6 RB (72 subcarriers in long block). In this case, even though RB allocation for data is less than 4 RB, DM reference signal should span as long as 6 RB allocations. Since RB allocation for DM reference signal is wider than actual data transmission, it is possible to accommodate multiple UEs whose data allocation is less than 6 RB within DM reference signal bandwidth. In this option, data multiplexing between multiple UEs within this bandwidth is done in L-FDMA. That is to say, even though reference signal is transmitted over wider bandwidth, data transmission bandwidth should be localized. The question here is what should be the minimum RB allocation for DM reference signal. From the intuition, it can be considered as 6 RB allocations (72 subcarriers in long block) considering scalable bandwidth operation of 1.25MHz in uplink. 
Figure 3 shows illustrative example of this option assuming CQ reference signal transmission on additional long block. Multiplexing among DM reference signals from multiple UEs within the region of minimum RB allocation (depicted as ‘Region A’ in the figure) is done by CDM in order to secure larger number of different CAZAC sequences. In Figure 3, ‘Region A’ is disjoint bandwidth dedicated for certain UEs whose resource allocation for uplink data is less than the minimum resource block requirement for DM reference signal. Depending on the number of UEs who should be allocated in the region, several disjoint regions may be utilized for this purpose. The number of disjoint regions for this purpose may vary in time according to the number of UEs who are to be allocated in the regions. Also, the actual position of these disjoint regions over whole system bandwidth can be flexibly chosen by Node B based on frequency domain channel characteristics of UEs who are supposed to transmit their data in these regions. If certain UEs are to be allocated data resource blocks larger than the minimum resource block for reference signal, they should be located in the region other than ‘Region A’, for example ‘Region B’ in the figure. In this region, data and DM reference signal can be transmitted by means of pure L-FDMA.
[image: image3.emf]Frequency

T

i

m

e

1

 

T

T

I

1RB

...

...

Region A Region B

LB for data transmission of UE1 SB for DM pilot transmission of UE1

LB for data transmission of UE2 SB for DM pilot transmission of UE2


Figure 3. Minimum resource block allocation for DM reference signal is 6 RBs and 
L-FDMA multiplexing of UEs within DM reference signal bandwidth
(c)  Option 3: DM reference signal is allowed to be potentially wider than resource allocation: uplink data transmission from multiple UEs can be multiplexed in D-FDMA within the DM reference signal bandwidth

This option is equivalent to the previous option, except for the fact that multiplexing of UE data within DM reference signal bandwidth is done by D-FDMA rather than L-FDMA. Given that DM reference signal should be transmitted over wide bandwidth anyhow, distributed data transmission over this DM reference signal bandwidth can be positively considered since one can enjoy the free lunch of additional frequency diversity with this option. Figure 4 shows illustrative example of this option assuming CQ reference signal transmission on additional long block and minimum RB allocation for DM reference signal is 6 RBs. 
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Figure 4. Minimum resource block allocation for DM reference signal is 4 RBs and D-FDMA multiplexing of UEs within DM reference signal bandwidth
It should be noted that D-FDMA is allowed only when the allocated resource blocks for data transmission are smaller than the minimum resource block allocation for DM reference signal. If resource block allocation for data is larger than the minimum resource block for reference signal, L-FDMA should be used both for data and DM reference signal transmission. One possible drawback of this option is that there is some restriction in allocating resource blocks for UEs multiplexed together within DM reference signal bandwidth. For example, if minimum allocation is 6 RB, Allocation of 4 RB and 5RB for data traffic is not possible because it cannot be multiplexed with the other RB allocations within the bandwidth. However, it is a bit questionable whether such fine granularities should be supported in LTE uplinks.

3. Performance Evaluation
In order to evaluate the performance of three options listed in the previous section, some link level simulations have been performed. The simulation parameters and configurations are summarized in Table 1. Three types of resource block allocations have been simulated: 12, 24 and 36 subcarriers over 12 long blocks. In case of option 2 and option 3, it is assumed that DM reference signal transmission bandwidth spans 6 RBs in long block.

The results are summarized in Figure 5. As shown in Figure 5, option 1 (pure L-FDMA) and option 3 (D-FDMA) performs comparably with each other. These results conform to our previous findings based on which we made agreement on the usage of L-FDMA during the last meeting [5]. Compared to option 2 (L-FDMA within wider DM reference signal bandwidth), option 3 performs better especially in case of 12 subcarrier resource allocation due to the frequency diversity effect. In comparing option 2 and option 3, it needs to be carefully understood what makes the different observations from previous comparison between L-FDMA and D-FDMA. The performance comparisons between L-FDMA and D-FDMA that have been shown up to now have been done on the assumption that both data and pilot are localized in case of L-FDMA and both data and pilot are transmitted over wide bandwidth in case of D-FDMA. Therefore, it is apparent that D-FDMA performs poorer in terms of channel estimation performance, losing the benefit of additional frequency diversity. However, comparison between option 2 and option 3 should be looked from different perspective since the performance comparison should be done for the case where data is localized within narrow bandwidth even though DM reference signal is being transmitted over wider bandwidth anyhow (in case of option 2) and for the case where data is also transmitted in distributed manner over wide bandwidth as DM reference signal. Therefore, option 3 doesn’t lose anything in terms of channel estimation performance since the density of DM reference signal for channel estimation would be the same as option 2. That’s the reason why one can observe performance gain for option 3, compared to option 2. 

It may be argued option 2 would perform comparably to option 3 if frequency domain scheduling is taken into account so that best resource can be allocated for localized data transmission at every TTI. This argument may be persuasive to some extent and is worthy of further investigation through system level simulation. However, it is quite doubtful whether Node B can perform appropriate frequency domain scheduling over such a narrow bandwidth since the channel quality estimation for such a narrow bandwidth may not be accurate enough for precise frequency domain scheduling. Also, it might be necessary to take the recent decision on frequency hopping into account when comparing the performances of option 2 and option 3. Therefore, final assessment of option 3 should be made after all these kinds of comparisons have been done.
Table 1. Simulation parameters and configurations
	Parameters
	Value

	Number of simulation
	80,000 TTIs

	Bandwidth
	5MHz

	Modulation & Channel coding
	QPSK (Turbo R=1/3), for intial Tx

	Amount of resource used in data 
	12,  24, 36 subcarriers over 12 long blocks

	TB Size
	96 (12 subcarriers, QPSK)
192 (24 subcarriers, QPSK)
288 (36 subcarriers, QPSK)

	Channel model
	TU

	UE speed (km/h)
	3km/h

	Channel estimation
	Freq. domain: FFT based interpolation

Time domain: Averaging 4 short blocks in 1ms

	Number of antennas
	Tx 1, Rx 2 (MMSE receiver)

	HARQ method
	Chase combining

	Maximum number of HARQ retransmissions
	4

	HARQ transmission interval
	4 TTIs
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(a) 12 subcarrier allocation during 1ms, QPSK, R=1/3
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(b) 24 subcarrier allocation during 1ms, QPSK, R=1/3
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(c) 36 subcarrier allocation during 1ms, QPSK, R=1/3

Figure 5. BLER performance of 3 options for DM reference signal multiplexing
4. Conclusions

In this paper, we discussed reference signal transmission methods in Evolved UTRA uplink, reflecting the recent decisions on numerology and intra TTI frequency hopping.
Followings are the summary of discussion.

(1) For CQ reference signal transmission, LGE is quite flexible for two alternatives. 
A. CQ reference signal can be multiplexed with DM reference signal within the same short block. 
B. Additional long block can be used to transmit CQ reference signal. The exact long block where CQ reference signal should be located are FFS. Depending on the number of UEs who want to transmit CQ reference signal at the same time, it might be decided whether CQ reference signal occupies one long block or two long blocks.

Among the above two options, our slight preference is on the second option since the first option makes the reference signal design too complicated.

(2) Minimum RB allocation for DM reference signal should be defined. Therefore, if RB allocation for data is less than this minimum, DM reference signal shall be transmitted over wider bandwidth than necessary. In this case, distributed data transmission over wider DM reference signal bandwidth might be positively examined whether it could perform better due to the additional frequency diversity. However, if RB allocation for data is larger than or equal to this minimum, both uplink data and its corresponding DM reference signal are transmitted in L-FDMA.
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