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1
Summary
In this document, we propose the following:
· Uplink channel sounding RS

· Hybrid FDM-CDM structure
· Frequency hopping over time to allow for broadband sounding

· Uplink demodulation RS
· Hybrid FDM-CDM structure

The performance comparison of various UL demodulation RS has been studied in detail in [1] (also see Appendix A), where we observed that hybrid FDM-CDM structure outperforms other schemes considered. As a result, we proposed to rely on frequency domain CDM as opposed to time domain CDM for SU-MIMO RS construction.

2
Uplink Broadband RS
The channel sounding RS is an orthogonal broadband pilot channel (BPICH) that serves two purposes:
· Enable frequency selective scheduling
· Serves as a reference for closed loop power control

This is a separate PHY channel that is assigned to each UE by L3 signaling. Each UE periodically transmits its BPICH, with a configurable periodicity.
Given that the BPICH is an orthogonal signal, it is important to keep the overhead small when the number of UEs is very large. We envision the following procedure to switch UEs in and out of BPICH assignments.

· Define a CPC (Continuous Packet Connectivity) substate of LTE_ACTIVE named LTE_ACTIVE_CPC

· This has no L3 implication and is a purely MAC concept

· The UE retains its C-RNTI in this state

· All UEs in LTE_ACTIVE state, but not in LTE_ACTIVE_CPC state, are assigned a broadband pilot (BPICH)

· The periodicity of the BPICH is UE specific and is configurable

· {25, 50, 100, 200} Hz

The overall BPICH structure is shown in Figure 1:
· 1 LFDM symbol in every N subframes is reserved for BPICH
· BPICH and PUCCH/PUSCH are time multiplexed
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Figure 1

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

· The BPICH from multiple UEs are multiplexed using frequency domain CDM (different cyclic shifts of the same base ZC sequence) within a single RB
· In TU channel, at most 6 UEs can be multiplexed within 1 RB.
In Figures 2 and 3, we outline the time domain frequency hopping structure.

Hopping Structure

· Each UE cyclically hops to a different RB depending upon the slot number within 10ms or 20ms

· 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 RB location in frequency and further uses a different cyclic shift.
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Figure 2

Structure A
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Figure 3

Structure B

The periodicity of BPICH is a function of target overhead and number of UEs in LTE_ACTIVE state. 
Consider the 5 MHz numerology shown in Figures 2 and 3.
· Structure A

· Sounding period = 10ms
· UE occupies PRB ID {0, 5, 10, 15, 20} in slot ID {0, 4, 8, 16, 20} in 10ms

· {150, 300} UEs can transmit BPICH at 100 Hz with {3.57%, 7.14%} overhead in 5 MHz

· Structure B
· Sounding period = 20ms
· UE occupies PRB ID {0, 5, 10, 15, 20} in slot ID {0, 8, 16, 24, 32} in 20ms

· {300, 600} UEs can transmit BPICH at 50 Hz with {3.57%, 7.14%} overhead in 5 MHz

The PRB location pattern repeats itself every {50, 100} ms for structures {A, B} respectively.
As an example, for structure A:

· PRB ID {0, 5, 10, 15, 20} in 1st sounding period

· PRB ID {1, 6, 11, 16, 21} in 2nd sounding period

· …
· PRB ID {4, 9, 14, 19, 24} in 5th sounding period
The hopping pattern is cell specific, allowing for the design of pseudo-orthogonal hopping patterns across the system.
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Appendix A. Link Level Analysis of UL demodulation RS

In this section, we present the link level performance results for the UL demodulation RS. Detailed link level comparison of various UL RS structure is presented in [1]
A.1. Long Block RS with 2x2 Setup

The throughput performance in a 2x2 setup at different SNR and speed is depicted in Figures 4 and 5.  We make the following observations:

· FDM-f1-t2 and CDM-f2-t1 are consistently comparable and both outperform other modes.
· FDM-f2-t1 performs worse than FDM-f1-t2. This is due to frequency domain interpolation loss.
· CDM-f1-t2 performs worse than CDM-f2-t1 at high speed. This is due to loss of orthogonality in time domain.
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Figure 4 throughput comparisons of FDM and CDM pilots in a 2x2 setup for TU 3km/hr for Long RS Structure
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Figure 5 throughput comparisons of FDM and CDM pilots in a 2x2 setup for TU 30 km/hr for Long RS Structure
A.2. Long Block RS with 4x4 Setup
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Figure 6 throughput comparisons of FDM and CDM pilots in a 4x4 setup for TU 3 km/hr for Long RS Structure
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Figure 7 throughput comparisons of FDM and CDM pilots in a 4x4 setup for TU 30 km/hr for Long RS Structure

The throughput performance in a 4x4 setup at different SNR and speed is depicted in Figures 6 and 7.  

We make the following observations for 4x4 MIMO systems:

· MIMO system with CDM pilots consistently outperforms that with FDM pilots. 
· At higher speed, CDM-f4-t1 scheme outperforms others because it does not rely on the time domain coherence between two long RS to separate the antenna streams. 
In summary, we evaluated the link level throughput performance of FDM and CDM pilots in 2x2 and 4x4 setups. We conclude the following for the RS design with long block structure:
· 2x2 SU-MIMO

· Performance with CDM pilots and FDM pilots is similar

· The best CDM RS scheme is CDM-f2-t1. 

· 4x4 SU-MIMO systems

· Performance with CDM pilots is better than with FDM pilots

· The best CDM RS scheme is f4-t1

The natural conclusion is to rely on frequency domain CDM as opposed to time domain CDM for SU-MIMO RS construction for 2x2 and 4x4.
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