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1 Introduction

So far the following things about uplink reference signal (RS) were agreed.

· DM RS Structure SIMO: FDM between UEs (Continuous within the assigned bandwidth)
· DM RS Structure SU-MIMO: CDM (different shifts) between the RS from each antenna
· DM RS Structure MU-MIMO: CDM (different shifts) between the RS from each antenna
· Sounding RS structure: CDM when there is only one sounding bandwidth and CDM/FDM when there are multiple sounding bandwidths
· Sounding RS and DM RS are in different LBs.

· There are 3 DM RSs for ACK/NACK per slot.

This contribution discusses details of uplink DM RS and sounding RS.

2 Requirements

We consider the followings are requirements for uplink RS.

· Less overhead

· More multiplexing UEs

· Less inter-cell-interference

With considering these requirements, the followings should be decided.

(a) Planning or No planning
(b) The CM of ZC sequences 

(c) Frequency hopping for sounding RS

(d) UE multiplexing for sounding RS

(e) Position of sounding RS

3 Planning or No planning
In this section, cross-correlation reduction schemes are discussed for DM RS for PUCCH and that for PUSCH, respectively. 
3.1. DM RS for PUCCH
DM RS for PUCCH has the following features.

· High reliability is required and HARQ is not applied for PUCCH. Therefore, DM RS for PUCCH should achieve high accuracy in channel estimation within one TTI.
· Generally, PUCCH will be multiplexed to the same position and number of RBs for all cells with the same system BW. Therefore, DM RS for PUCCH will have the same feature.
With considering the first feature, random hopping of reference signal is not sufficient. With considering the second feature, planning can effectively reduce cross-correlation of DM RS for PUCCH.
In the case of minimum transmission bandwidth the number of usable ZC sequences for planning is 10/12 (cyclic extension case / truncation case). 

We consider sequence planning is inevitable to achieve high reliability of PUCCH..
3.2. DM RS for PUSCH

Sequence planning can be applied to DM RS for PUSCH as it should be applied to DM RS for PUCCH anyway. However, just sequence planning is not enough as DM RS for PUSCH has the following feature. We consider that ZC sequence hopping and/or cyclic shift hopping in the case of DM RS for PUSCH are needed to randomize the cross-correlation. The reason is following.

· The bandwidth and position of PUSCHs depends on channel-dependent scheduling in each cell and allocation of PUSCHs is different among the cells. Therefore, DM RS for PUSCH will have the same feature. 
Because of the above feature, DM RS for PUSCH causes high cross-correlation even with sequence planning. Hence, we consider cross-correlation randomization is required in addition to sequence planning. 
Following 3 possible alternatives to randomize the cross-correlation are considered.
(a) Only cyclic shift hopping is applied.

(b) Only ZC sequence hopping is applied. 

(c) ZC sequence hopping and cyclic shift hopping are applied. 

Alternative (a) is preferable with considering sequence generation complexity. One concern is if (a) can achieve enough cross-correlation reduction. 

If the effect of inter-cell interference mitigation is not enough by sequence planning and cyclic shift hopping, alternative (b) or (c) should be considered. For alternative (b), ZC sequence length enough long to achieve high randomization effect as the number of usable sequences is proportional to the sequence length. However, it increases sequence generation complexity. Alternative (b) has trade-off issue between randomization effect and complexity.

Alternative (c) may be possible compromise. With cyclic shift hopping and relatively short ZC sequence, trade-off issue between randomization effect and complexity may be solved.
From above discussion, our preference is alternative (a), currently. Cyclic shift hopping can be applied also for DM RS of PUCCH to achieve further cross-correlation reduction. If cross-correlation reduction is not enough with alternative (a), alternative (c) may be considered.

4 The Cubic Metric (CM) of ZC sequences 

Currently we discuss the problem that the CM of some ZC sequences is larger than the QPSK one. Following possible 2 alternatives are considered.

(a) Simply use only ZC sequences with lower CM than QPSK. For example, only 6 ZC sequences of length 12 have lower CM than QPSK. In this case, the ZC sequence is cell specific.

(b) The ZC sequences with lower CM than the QPSK are assigned to cell edge UEs. In this case, the ZC sequence is UE specific. This will result into at least two sets of ZC sequences. 

If the ZC sequence is UE specific, the signaling to assign ZC sequence is needed. Furthermore, it is difficult for high speed UEs to assign ZC sequence appropriately. Our preference is not UE specific but cell specific. Though alternative (a) is cell specific, the minimum number of ZC sequences is 6. It is FFS how to increase the minimum number of usable sequences. 

5 Frequency hopping for sounding RS

Fig.1 (a) shows frequency hopping mode for sounding RS. Pros and cons of frequency hopping mode are following.
Pros: 

· Since it is possible for narrowband sounding RS UE to measure broadband CQI, the effect of frequency scheduling becomes high.

Cons: 

· The number of UEs for transmitting sounding RS becomes small.

Fig.1 (b) shows frequency hopping off mode [1] (localized multiplexing) for sounding RS. Pros and cons of frequency hopping off mode are following.

Pros:[1]
· UEs in cell boundary improve the estimation accuracy by averaging sounding RS.

· Throughput becomes high by scheduling UEs with the similar channel condition in heavily loaded scenario.

Cons: [1]
· Since the bandwidth that can be measured is limited, flexibility of channel-dependent schedule has restriction compared to frequency hopping mode.
. 
Considering above pros and cons, it should be decided either or both of these modes are supported.
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Fig.1 Option of frequency hopping for sounding RS

6 UE multiplexing for sounding RS

We support that 3 kinds of transmission bandwidth (ex. 10MHz, 5MHz and 1.25MHz) are needed to maximize throughput [2]. If only localized FDM is assumed, measurement time becomes large as frequency hopping is utilized to measure broadband CQI. On the other hand with distributed FDM CQIs of broadband and narrowband can be measured simultaneously. Hence, we consider that distributed FDM is needed for multiplexing of sounding RS at least. However, with large RPF, the accuracy of CQI estimation becomes low. Hence, RPF should keep small (eg. RPF=2 or 3).
As the multiplexing of sounding RS following alternatives are considered. Fig.2 shows the alternatives of sounding RS multiplexing. Alternative (a) is that UEs with different BWs are multiplexed by distributed FDM (RPF=3) only. In this case, UEs with 10MHz, 5MHz and 1.25MHz are multiplexed by distributed FDM. Alternative (b) is that UEs with different BWs are multiplexed by distributed (RPF=2) and localized FDM. In this case, UEs with 10MHz and 5MHz and UEs with 10MHz and 1.25MHz are multiplexed by distributed FDM. UEs with 5MHz and 1.25MHz are multiplexed by localized FDM. Either alternative is possible for only frequency hopping mode. However, alternative (b) should be supported for frequency hopping off mode.
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Fig.2 Example of sounding RS multiplexing

7 Position of sounding RS
As sounding RS and DM RS are in different LB, it is necessary to decide the position of sounding RS. In terms of simple processing, sounding RS should be transmitted in the same position of subframe, periodically. Fig.3 shows an example of the position of sounding RS. In terms of overhead, 1LB of sounding RS per 1 or 2subframes is feasible. In this case the overhead of sounding RS is 7% or 3.5%, respectively.
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Fig.3 Example of the position of sounding RS.

8 Conclusions
This material clarifies our view on the uplink RS issues.
· ZC sequence planning is needed for narrowband RS at least. Current our preference is sequence planning and cyclic shift hopping. 
· ZC sequence is not UE specific but cell specific. It is FFS how to increase the minimum number of usable sequences.
· 3 kinds of transmission bandwidth for sounding RS are needed.

· As the multiplexing of sounding RS distributed FDM (RPF=2 or 3) is needed since CQIs of broadband and narrowband can be measured simultaneously. 

· Sounding RS should be transmitted in the same position of subframe.
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