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Discussion and Decision
1 Introduction
There are still several opening issues on uplink reference signal (UL RS) design. In this document we discuss these issues in series and finally give an overall picture on the design of UL RS. The main topics include: 
· Demodulation (DM) RS bandwidth
· RS sequences length and available number
· UL sounding
· DM RS for FH-LFDMA
· RS for SU-MIMO 
2 UL RS Issues Discussion 

2.1 DM RS bandwidth

The DM RS discussed in this clause is dedicatedly used for localized FDMA data transmission with channel dependent frequency domain scheduling.
DM RS enables both data coherent demodulation and out-band channel quality measurement when its bandwidth is wider than the data allocation. Besides, the wider-bandwidth DM RS has the advantage of carrying longer RS sequences and thus more available sequences for cell planning. However it also suffers two limitations:

· The maximal users scheduled simultaneously is limited by the maximal number of simultaneous orthogonal RS channels, both for CDM and for FDM RS structure, as the data transmission bandwidth can be allocated based on the size of Resource Block (RB), but the maximum number of the orthogonal RS channels in any segment of bandwidth is limited to 6 at most. According to the assumption of 12 sub-carriers in a RB, only for the deployment of 1.25MHz bandwidth, which supports at most 6 simultaneously scheduled users, 6 orthogonal RS is suitable.
· BLER performance degradation is introduced by channel estimation due to non-concentrated RS power with the localized data transmission.
The possible solutions to the above two limitations is to restrict scheduler to maximum 6 users in any bandwidth with more than 6 RBs. It is proposed that:

· Restrict smaller bandwidth data allocations in a specific 1.25MHz, utilizing pure CDM RS as DM RSs in this 1.25MHz bandwidth. The identical RS structure is applied in the two SBs of a sub-frame.
· For the data allocations with  larger bandwidth than 1.25MHz, their RSs can be scheduled in the remaining bandwidth, and
· in one SB of a sub-frame, utilize hybrid FDM and CDM RS as DM RSs which has larger bandwidth than the bandwidth of the data, i.e. distributed FDM is used for multiplexing of different bandwidth and CDM is used for multiplexing in the identical bandwidth [3];
· in the other SBs of the sub-frame (or the other three SBs of the TTI), FDM is exploited to implement the DM RS, which has identical bandwidth of  the data bandwidth. In another words, the DM RS is confined in the same band as the data bandwidth from one sub-carrier “comb”. Another sub-carrier “comb”, which is segmented different sounding bandwidths and CDM covered on them, is assigned to other UEs to be used as sounding RSs [4].
This scheme is shown in Fig.1. In this way, it can also alleviate the BLER performance degradation caused by excessively large DM RS bandwidth, and also avoid the possible reduction of available sequences due to a RS only spanning fewer RBs’ bandwidth. 
On the other hand, DM RS bandwidth can be equal to the data transmission bandwidth in any SB, but it has to choose another family of sequences without restrictions on available sequences number, e.g. a longer Zadoff-Chu sequence with truncation, or PN sequence, etc, which means to give up the ideal periodic autocorrelation and instead use the large sets of sequences with non-ideal but still small cross-correlation. 
The BW of DM RS can be larger than the BW of data transmission and larger than 1.25MHz. It is proposed to restrict the DM RS bandwidth to 1.25MHz for data allocation spanning just a few of RBs’ bandwidth.
2.2 Sequence length and available number
Current working assumption for RS sequence is conventional Zadoff-Chu [1]. Since the ideal autocorrelation properties of the UL RS cannot be retained if the RS is modulated by a cell-specific scrambling code. It is impossible to use CAZAC combined with a scrambling code as a cell-specific sequence. Therefore the RS sequences in different cells are generated by Zadoff-Chu sequences, but the available sequences number is restricted by the sequence length. To match the allocated bandwidth, either a longer Zadoff-Chu sequence with prime sequence length has to be truncated, or a Zadoff-Chu sequence with proper length is selected but resulting in fewer available sequences due to non-prime sequence length. As mentioned in [2], the impacts from fewer available sequences and the correlation of the truncated sequences should be investigated.
A large number of available sequences are desirable for cell planning, but for the deployment of 1.25MHz bandwidth, there are totally 37 sub-carriers in the Short Block (SB), the number of available Zadoff-Chu sequences is 36. For the deployment in 5MHz, with RePetition Factor (RPF) equal to 3, the number of RS sequences is 50. Maybe it needs to discuss how many sequences are enough for cell planning. To choose another family of sequence without available number restrictions might be worth to be considered. As for PAPR/CM of the RS, it might be not so crucial, because the worse case of PAPR/CM of RS symbols are similar to the PAPR/CM of the data symbols generated by random high order QAM symbols. 
The number of available sequences generated by Zadoff-Chu is limited by the sequence length, to obtain as many Zadoff-Chu sequences as possible, some degradations to ideal CAZAC properties have to be accepted. 

2.3 UL sounding 
It was decided frequency domain scheduling should be supported in UL. The distributed sounding RS for frequency domain scheduling is needed [1]. The UL sounding can be implemented as following:

For currently scheduled UEs, 

· In-band of DM-RS bandwidth sounding: DM RS supports in-band scheduling, limited in the band of DM RS
· Out-band of DM-RS bandwidth sounding: If the current scheduled users need to be scheduled out of the band of DM RS
For currently non-scheduled UEs,

· Sounding in one of the bandwidths supported in the system
Therefore a separate sounding is necessary. In addition, to avoid the sounding overhead if it not used, it is also preferable to design the separate sounding RS, especially in case of frequency diversity data transmission. 
To sounding wider frequency band and obtain better frequency domain scheduling, sounding RS should span over an appropriate bandwidth. However different users have different requirements for the sounding bandwidth, so it is desirable to dynamically configure the bandwidths of sounding with a certain period in different sub-frames.  The least bandwidth used for sounding is 1.25MHz, considering adequate RS sequences for cell planning.
Additional resource (Long Block) for sounding RS besides SBs is undesirable. Unless there are indeed no available resources for sounding besides the two SBs in a sub-frame, a LB might be allocated for sounding RS with low duty-circle or based on request.
The interval of sounding is related with lots of factors, such as the TTI duration, scheduling interval, velocity of the user and the current state of the user, i.e. scheduled or non-scheduled. It results in different users with different sounding interval. A semi-static deployment is preferable.
It is proposed to design separated sounding with the dynamical bandwidth and the semi-static interval for different users. 
2.4 DM RS for FH-LFDMA

As mentioned in section 2.1, DM RS bandwidth can be larger than data allocation for localized FDMA data transmission, and the minimal bandwidth for DM RS is preferably 1.25MHz. As for the bandwidth of the DM RS for diversity data transmission, especially for FH-LFDMA transmission, it is unnecessary to estimate the channel quality out of data transmission bandwidth. However, once the FH data transmission is limited only in several RBs, the bandwidth of the DM RS is also reduced, which certainly results in shorter RS sequences and smaller available number of sequences for cell reuse. The simple solution is to restrict a minimal DM RS bandwidth, i.e. 1.25MHz, to fulfill the sequence length requirement, which probably introduces some DM RS bandwidth wastages. 

A proposed DM RS bandwidth for frequency diversity transmission is 1.25MHz, and CDM RSs are allocated to different users. Multiplexing between the scheduled localized FDMA and FH-LFDMA can be achieved by segmented FDM.    
2.5 RS for SU-MIMO
In case of UL MIMO, multiple transmitter antennas share the same data transmission bandwidth. The DM RS for each antenna can be achieved by FDM or CDM confined in the data bandwidth. While both FDM and CDM between multiple antennas reduce the sounding opportunities of other users, the FDM further reduces the sub-carrier density and the resultant RS sequence length, so it is not preferred. 
CDM RS is more preferable for SU-MIMO.
2.6 Overall picture of UL RS

As a summary of above points except for MIMO, an example of overall picture for a 20MHz deployment is depicted below. 
In #m sub-frame of this example, in a specific 1.25MHz bandwidth, only CDM RS structure is applied with RPF=1 for small bandwidth traffic, FH maybe applied for traffic. In the rest 18.75M bandwidth of one SB, the structure of hybrid CDM and FDM supports different-bandwidth RSs, i.e. FDM different bandwidths RSs with RPF=3 and CDM in the same bandwidth, and the least bandwidth is larger than 1.25MHz. In the remaining 18.75M bandwidth of another SB, given RPF=2, one sub-carrier “comb” is used as the DM RS confined in the same bandwidth as the data bandwidth, and the other sub-carrier “comb” is used as sounding RS, segmented different bandwidths and CDM covered on them.

In addition, the RS bandwidth deployment can be varying in different sub-frame. The different bandwidth RSs shown in this figure, are used as both DM RSs and separate sounding RSs. For instance, in the #k sub-frame, the pink “comb” of the first SB is dedicatedly used as a 20MHz sounding RS, but the other two “combs”, green one and blue one are divided into several bands and serviced as DM RS and partly sounding RS out of the data bandwidth.
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Fig .1 Example of overall structure of RS for 20MHz deployment
3 Conclusion 
Since the Zadoff-Chu sequence is adopted for UL RS, we have to carefully design the UL RS to avoid more impacts on the sequence length and the resultant number of available sequences for cell reuse. Therefore it is proposed that

· Restrict the DM RS bandwidth to 1.25MHz for data allocation spanning just a few of RBs’ bandwidth.

· To obtain as many Zadoff-Chu sequences as possible, some degradation to ideal CAZAC properties have to be accepted.

· Design separate sounding with the dynamical bandwidth and the semi-static time interval for different users. 

· The bandwidth of the DM RS for frequency diversity transmission is 1.25MHz, and CDM RSs are allocated to different users.    

· Allocate orthogonal CDM RS for different antennas in case of SU-MIMO.
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