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1. Introduction
In the RAN#47 meeting, the following were decided as working assumptions for the UL sounding RS:
· 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
In this contribution, we summarize our results and recommendations for configuring and specifying the characteristics of the sounding RS as detailed in [1]:

· Two sounding bandwidths as shown in Table 1 with RPF=2 (signal occupies every 2nd subcarrier within the allocated sounding bandwidth) for multiplexing the two sounding bandwidths
· One “broadband” sounding, one “narrowband” sounding (see Table 1) 

· Should be possible to adjust the number of sounding long blocks in a 10 ms radio frame from zero (i.e., no sounding) up to some maximum value (e.g., 5)

· Should be possible to support data transmission on resources not presently occupied by sounding signals to reduce the waste of unused channel resources and reduce sounding overhead
We suggest that these recommendations be considered as part of the specification of UL channel sounding for both FDD and TDD thereby maximizing the commonality between the FDD and TDD modes (as recommended by 3GPP TR 25.913).
2. Detailed Recommendations for UL Sounding RS

A. Number of Sounding Bandwidths
· To improve the SNR of the sounding signal and support a large number of sounding signals with minimal number of sounding BW options, we suggest that two sounding bandwidths be supported. The two suggested bandwidths (approximately) are shown in Table 1: 

Table 1. Suggested Sounding RS Bandwidths.

	Broadband Sounding BW1:
	= min(Channel BW, 5MHz) for all channel bandwidths

	Narrowband Sounding BW2:
	= (Channel BW)/2 for Channel BW < 5MHz

= 1.25MHz for Channel BW >= 5MHz


Degradation in channel quality estimate for 10MHz sounding RS due to lower power spectral density of the sounding sequence degrades performance compared to 5MHz sounding BW at low SNR with similar performance at medium to high SNR (no substantial increase in channel selectivity is observed for BW > 5MHz).
· Sounding BW may be specified in #RB, but will have to take into account variable control channel overheads within a slot (i.e., top/bottom sounding may be smaller than nominal)

B. Multiplexing different bandwidth sounding signals
· Utilize FDMA for multiplexing between sounding signals of differing bandwidths (as agreed previously) 

· For multiplexing different sounding bandwidths, RPF (repetition factor = spacing between occupied subcarriers) equal to the number of supported sounding bandwidths allows all of the supported bandwidths to be present simultaneously on a single LB
· RPF=2 (signal occupies every 2nd subcarrier within the allocated sounding bandwidth) for multiplexing the proposed two different sounding bandwidths
· Also, support RPF=6 for channel bandwidth<2.5MHz and RPF=12 for channel bandwidth >= 2.5MHz to enable broadband average CQI information from a large number of power-limited UEs 
· UE sounding allocation can support channel state feedback to eNodeB when the UE has fewer transmit chains than receive chains (e.g., in the case of two receive antennas and only one transmit antenna) by encoding the channel information in to a waveform that is transmitted from the antenna with a transmit chain [2]

 REF _Ref163899874 \r \h 
[3]. 
C. Presence of Sounding RS
· Should to be able to dynamically adjust the total amount of system resources allocated to UL sounding in order to optimize the system and the sounding overhead for the current conditions
· Thus, the number of sounding long blocks in a 10 ms radio frame should be adjustable from zero (i.e., no sounding) up to some maximum value (e.g., 5).
· It should be possible to adjust the bandwidth that is used by the sounding long blocks.  As an example, in a 10 MHz system only the upper 5 MHz of the channel is used for sounding.

· Support of both one-time (non-persistent) and persistent sounding RS assignments.

D. Frequency multiplexing of data and sounding signals

· Should be possible to support data transmission on resources not presently occupied by sounding signals to reduce the waste of unused channel resources and reduce sounding overhead
· Data transmission (using rate matching) is possible on resources not presently occupied by sounding signals in the LB.
E. Frequency hopping of UL sounding RS

· Narrow bandwidth sounding RS suggested above is adequate if frequency hopping of the sounding RS is supported. 
· Since the fixed 5MHz bandwidth sounding RS performs better than hopped sounding RS, non-hopped fixed sounding RS must be supported.
· Further study of the performance of UL sounding RS frequency hopping and its impact (in terms of multiplexing complexity) on non-hopped or different sounding RS bandwidths is needed.
· Frequency hopping of sounding RS always possible via explicit allocation (without any special additional signaling) by assigning different sounding locations (in frequency) to the UE at different times.
3. Conclusions

This contribution summarized our recommendations for configuring and specifying the characteristics of the sounding blocks used for carrying the UL sounding RS.  We suggest that these recommendations be considered as part of the specification of UL channel sounding.
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