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1 Introduction

In this contribution, we discuss the structure of the uplink channel sounding reference (CS RS) signal and the required signalling for allocating CS RS to UEs. Our view on the CS RS structure is first summarized below:
· Multiplexing of CS RS and PUCCH

· CS RS band extends to the whole UL transmission band with taking one of the PUCCH LBs as well
· Bandwidth
· 1.25/5 MHz 
for the UL BW ( 5 MHz
· 1.25/2.5 MHz for the UL BW = 2.5 MHz

· 1.25 MHz 

for the UL BW = 1.25 MHz

· Multiplexing 
· Hybrid CDM/FDM

· Repetition factor (RPF)

· Only 2
2 Multiplexing of CS RS and PUCCH

As per the previous RAN1 decision, CS RS will be transmitted in one of the PUSCH LBs within a subframe where the CS RS is scheduled by the eNB. Similarly, before going into a detailed discussion on the structure, it needs to be clarified which portion of the uplink transmission band would be occupied by the CS RS. In [4], the CS RS occupies the whole uplink transmission band, as illustrated in Figure 1, where the location of the punctured LB is just for illustration. In this case, one of the PUCCH LBs in the subframe is taken by the CS RS (TDM) and thus the structure would make an impact on the performance of PUCCH. On the other hand, in [3], the CS RS does not take any LB for PUCCH (FDM) and just hops within the band not occupied by PUCCH. 
Between the two approaches, we prefer the TDM of CS RS and PUCCH, mainly due to the following benefits:
· Single carrier transmission of CS RS and PUCCH from a UE is always guaranteed

· Allocation of CS RS to each UE does not need to be changed depending on the change in the number of PUCCH RBs in each subframe

· The CS RS sequence design and multiplexing are simplified since the resource bandwidth for CS RS is not affected by the number of PUCCH RBs 
However, the TDM approach has the downsides that it degrades the UL ACK/NACK and CQI performance since an LB is taken by the CS RS. Also, multiplexing capability of PUCCH could decrease due to the impact on the TDM orthogonal covering.
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Figure 1. Multiplexing of UL CS RS and PUCCH
3 Bandwidth 
CS RS can be used for the following purposes:

· Uplink channel quality estimation
· Uplink power control 

· Uplink timing estimation

For the frequency selective scheduling (FSS), CS RS should provide the reliable channel estimate for each of the scheduling subband. However, the UEs near the cell edge are not likely to have enough power for transmitting wideband CS RS for FSS. On the other hand, a single shot transmission of wideband CS RS is preferred for UEs near the cell center and UEs for frequency non-selective (hopping) scheduling. Thus, provisioning of multiple bandwidths for CS RS would be beneficial, as it would not cause an unnecessary delay in the channel sounding measurement and well support UEs under various channel conditions. In Table 1, we have summarized our view on the CS RS bandwidths.
Table 1. CS RS bandwidths

	
	UL BW = 1.25MHz 
	UL BW = 2.5MHz 
	UL BW ≥ 5MHz

	Wide sounding BW
	1.25MHz
	2.5MHz
	5MHz

	Narrow sounding BW
	1.25MHz
	1.25MHz
	1.25MHz


The design given in Table 1 employs just two bandwidths at the maximum in all the cases of the uplink transmission bandwidth, based on the following rationales:

· The small number of CS RS bandwidths allows for simple multiplexing of CS RSs from multiple UEs

· CS RS with a narrow bandwidth can cover wider bandwidth by frequency hopping

· The minimum sounding bandwidth of 1.25MHz would be sufficient for the uplink timing estimation
· The results in [2] show that CS RSs larger than 5MHz contribute negligibly in improving the link throughput
4 Hybrid CDM/FDM and RPF 
We prefer hybrid CDM/FDM of CS RSs from different UEs, rather than scheduling CS RSs of different bandwidths in different LB intervals (TDM), mainly due to the following benefits:

· More flexible to control the portion of the wideband and narrowband CS RSs depending on situations

· More flexible to schedule CS RSs for different UEs in various different situations 

We propose to employ the fixed RPF=2 for all the cases of the uplink transmission bandwidths. RPF= 2 could provide a limited multiplexing flexibility. For example, RPF=2 with CS RS LB appearing every 5 ms, the ratio of UEs with different sounding bandwidths can be controlled in 25% resolution. In case that the CS RS LB appears every 2 ms, the portion of the wideband and narrowband CS RSs can be controlled in 10% resolution. Thus, the resolution highly depends on the scheduling interval of CS RS LBs. Considering this aspect, we are also open to allowing RPF=4.
The examples of CS RS multiplexing in case of the 5MHz transmission bandwidth are illustrated in Figure 1, which illustrates that even with a fixed RPF=2, the portion of the 1.25 MHz and 5 MHz BW CS RSs can be flexibly controlled. Figure 2 shows examples of CS RS multiplexing for the cases of 1.25 MHz and 2.5 MHz transmission bandwidths, respectively. It is noted that 1.25 MHz and 2.5 MHz BW CS RSs are allowed in case of the 2.5 MHz transmission bandwidth.
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Figure 2. Multiplexing of CS RSs for the case of  5 MHz system bandwidth with RPF=2: (a) CS RSs with 5MHz and 1.25MHz bandwidths, (b) CS RSs with 5MHz bandwidth only, (c) CS RSs with 1.25MHz bandwidth only
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Figure 3. Multiplexing of CS RSs for the cases of 2.5MHz and 1.25MHz system bandwidths with RPF=2
5 Signalling for allocating CS RS 
Based on the design presented in this contribution, we see that the following information should be signalled to the UE:
· CS RS bandwidth
· Transmission period
· Time-frequency starting position

· ZC sequence index and cyclic shift value

· CS RS comb number

It is noted that with assuming the fixed RPF=2, the signalling of the RPF is not required.

6 Conclusion

We discussed the CS RS design and the required signalling. The design summarized in Section 1 was made in the attempt to minimize the unnecessary complexity in the CS RS structure and the signalling for allocating CS RS. We propose that RAN1 considers the proposals and reflect agreeable parts into the TS. 
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