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1
Summary

In RAN1 47 meeting in Riga, we have reached the following working assumptions regarding uplink reference signals:

· 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

· DM RS in SBs (If agreement on LB only structure can be achieved before Christmas, then the assumption can be changed to LB). 

· Sounding RS & DM RS are in different blocks

· Sounding RS Structure (how to multiplex sounding RS from UEs with different sounding bandwidths): CDM when there is only one sounding bandwidth and CDM/FDM when there are multiple sounding bandwidths

· Sounding RS are in LB

The performance comparison of various UL DM RS has been studied in detail in [1], where we observed that frequency domain CDM structure (different shifts) outperforms both FDM structure and time domain CDM structure (different walsh covering). As a result, we confirmed with the agreement to rely on frequency domain CDM as opposed to time domain CDM or FDM for SU-MIMO RS construction.

In this document, we evaluate three different approaches on sounding reference signals: 

· Hybrid LFDM-CDM structure

· LFDM transmission of sounding RS on the same RBs for a group of UEs

· The sounding RS of each UE within the same group spans the same bandwidth

· Orthogonality of RS from different UE within the same group is achieved by using different cyclic shifts of the same ZC sequence

· Different group sounds channel with different bandwidth at the same time 

· Frequency(and cyclic-shift) hopping over time to allow for broadband sounding

· Cyclic-shift hopping to further randomize interference

· Hybrid IFDM-TDM structure

· IFDM transmission of sounding RS within the same bandwidth for a group of UEs

· The sounding RS of each UE within the group spans the same bandwidth

· Othogonality of RS from different UE within the same group is achieved by interleaved transmission

· Different group sounds channel with different bandwidth at the same time 

· Frequency hopping over time to allow for broadband sounding

· Sub-carrier hopping to allow for better sounding accuracy

· IFDM structure

· IFDM transmission of sounding RS for all UEs which need to do channel sounding

· The sounding RS of each UE spans the entire bandwidth

· Othogonality of RS from different UE is achieved by interleaved transmission

· All UEs sound the entire bandwidth at the same time 

· Sub-carrier hopping over time to allow for better sounding accuracy

2
Uplink Sounding RS

The channel sounding RS is an orthogonal broadband pilot channel that serves two purposes:

· Enables frequency selective scheduling

· Serves as a reference for closed loop power control when it is configured

This is a separate PHY channel that is assigned to each UE by L3 signaling. Each UE periodically transmits its SRS, with a configurable periodicity.

The overall SRS structure is shown in Figure 1:

· 1 LFDM symbol in every N subframes is reserved for SRS
· SRS and PUCCH/PUSCH are time multiplexed

The following SRS parameters are signaled to the UE:

· Base ZC sequence and a specific cyclic shift

· Bandwidth span

· Time/frequency hopping structure
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Figure 1

SRS Structure
2.1
Hybrid LFDM-CDM SRS structure

· Each instance of a SRS transmission from each UE consists of a specific cyclic shift of a base ZC sequence

· The SRS from multiple UEs are multiplexed using frequency domain CDM (different cyclic shifts of the same base ZC sequence) within the same sounding bandwidth. 

· In TU channel, at most 6 UEs can be multiplexed within one sounding bandwidth. The smallest granularity of the sounding bandwidth is 1 RB.

In Figures 2, we outline the time domain frequency hopping structure.

Hopping Structure

· Each UE cyclically hops to a different sounding bandwidth depending upon the slot number within the sounding period

· The hop pattern repeats itself periodically

· Each UE uses a different ZC cyclic shift per hop

Therefore, the UE hops in time to a different bandwidth location in frequency and further uses a different cyclic shift.
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Figure 2

Hopped LFDM CDM Sounding RS Structure

The periodicity of SRS is a function of target overhead and number of sounding UEs. 

Consider the hopping structure shown in Figures 2. Take the 5MHz and short CP numerology as an example.

· Sounding period = 10ms

· UE occupies PRB ID {[0-4], [5-9], [10-14], [15-19], [20-25]} in slot ID {0, 4, 8, 12, 16} in 10ms

· Sounding bandwidth is 5 RBs per SRS symbol for every 6 UEs

· 30 UEs can transmit SRS at 100 Hz with 3.57% overhead 

· The multiplexing capability of sounding UEs can be trade-off with the sounding period and sounding bandwidth

The hopping pattern is cell specific, allowing for the design of pseudo-orthogonal hopping patterns across the system.

2.2
Hybrid IFDM-TDM SRS structure

The structure with hybrid IFDM-TDM SRS signal is very similar to the structure described in section 2.1. However, instead of multiplexing UEs in one sounding bandwidth by using different cyclic shifts of the same ZC sequence, interleaved frequency transmission within the sounding bandwidth is assumed. 2 interleaved sub-carriers per RB are assigned to 1 UE within the sounding bandwidth, which is equivalent to multiplexing 6 UEs within the same sounding bandwidth by using cyclic shifts of the ZC sequence.    

Hopping Structure

· Each UE cyclically hops to a different sounding bandwidth depending upon the slot number within the sounding period

· The hop pattern repeats itself periodically

· Each UE uses different sub-carriers per hop

Therefore, the UE hops in time to a different bandwidth location in frequency and further uses different sub-carriers.

2.3
IFDM SRS structure

The structure with IFDM SRS signal multiplexes all sounding UEs in one SRS symbol. Interleaved frequency transmission within the entire system bandwidth is assumed.   

Each UE uses different sub-carriers in each SRS symbol.

3
Simulations

In this section we compare the system performance with the three different sounding structures listed in Section 2. The results are summarized in Table 1. The detailed system performances as well as the simulation assumptions are given in Appendix. Note all three structures provide the same multiplexing capability with the same overhead.

	Sounding RS structure
	Spectral efficiency (b/s/Hz)
	5% Spectral Efficiency

(b/s/Hz)
	Initial BLER
	# of txs
	Mean IoT (dB)
	Std. Deviation (dB)

	LFDM-CDM
	0.53
	0.026
	0.145
	1.15
	4.4
	1.2

	IFDM-TDM 
	0.54
	0.024
	0.189
	1.19
	4.4
	1.3

	IFDM 
	0.54
	0.022
	0.190
	1.20
	4.4
	1.2


Table 1
System Performance with different sounding RS structure – D4
It is seen from these results that all three structures yield similar system performance. As a result, we confirm with the working assumption regarding SRS made in Riga [1].
4
Conclusions

Based on the results shown in this document, we observe:

· Hopped LFDM-CDM structure for sounding RS provides comparable performance compared to IFDM or IFDM-TDM structure

As a result, we confirm with the working assumption regarding sounding RS:

· CDM when there is only one sounding bandwidth and CDM/FDM when there are multiple sounding bandwidths

Furthermore, we propose to adopt hopped structure (with both frequency and cyclic shifts hopping) for sounding RS.
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Appendix A
-- System Simulation Assumptions 

The overall system assumptions are shown in Table 2. 

	Parameter
	Configuration

	Layout
	19 Node-B, 3-cell wrap-around layout

	Traffic model
	Full buffer

	#UE per cell
	12

	Max UE Tx Power
	24 dBm

	System bandwidth
	1.25MHz, D4

	Channel update
	per slot (0.5ms)

	TTI
	1.0 ms

	Control overhead 
	31%

	Duration
	20 s + 2 s warm-up

	HARQ
	Max. # of Txs = 3

# of HARQ processes = 6

Retransmission delay = 6ms

Ack/Nack errors = 0%

Re-transmissions are synchronous with same RB and TF allocation

	Intra-cell power control
	Once every 100ms, Up/Down step size 2dB

	Inter-cell power control
	X2 based with 15ms delay


	Scheduling process
	Decentralized Node-B scheduler with 1 serving cell per UE = best DL (same as HSDPA serving cell). No macro diveristy.

	Scheduling algorithm
	Proportional fair with sub-band scheduling

	Scheduling delays
	1. DL Scheduling Period

1. 1.0 ms

2. DL Grant delay

2. 2 sub-frames

3. Uplink SI delay

3. 1 sub-frame

4. Uplink SI frequency

4. Once every 10ms



	Data associated UL control signalling
	No data associated UL control signalling is assumed. UE obeys the BW and TF allocation sent down from Node-B. PSD offset and Tx PSD are adjusted accordingly when UE reaches the max. Tx power.

	Decoding
	AWGN link level curves with Harmonic mean mapping

	Channel Estimation
	Realistic 


Table 2: System configuration
Appendix B
 Detailed Performance Curves
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Figure 1: CDF of UE throughput
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Figure 2: CDF of UE 1st transmission BLER
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Figure 3: CDF of UE # txmns per packet
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Figure 4: CDF of uplink IoT
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