3GPP TSG RAN WG1 LTE TDD Ad Hoc                                                       R1-071879
Beijing, China, April 17 – 20, 2007
Source: 
CATT
Title:
Uplink Sounding Reference Signals for TDD with Alternative Frame Structure
Agenda Item:
3.12.2
Document for:
Discussion and Decision

1. Introduction
UL sounding has been discussed extendedly in many contributions at recent meetings. In this paper, two issues of UL sounding RS, the transmitting scheme and sounding RS bandwidth, will be discussed from the standpoint of TDD with alternative frame structure.

2. Sounding RS Transmitting 
It is agreed that sounding RS are in separate LB, but which LB is used and how to send sounding RS has not been determined. Some companies support to transmit sounding RS periodically, but the period is configurable by Node B [1]. The maximum rate should be one time per TTI with lower rates being once every second TTI, once every fourth TTI, etc. For TDD with alternative frame structure, it is not appropriate to send sounding RS for one UE more than one time in one half-frame duration (5ms) due to the TDD property. The proposal is that sounding RS transmission should be controlled according to the signaling from Node B, which is similar to the one-time sending scheme in [2].
About the problem which LB is used for sounding, it is not preferred to use the LB in a fixed slot all the time, because ratio of UL/DL slot is not static for TDD operation. The sounding RS LB selection should provide more flexibility and adapt to various application scenarios. There are at least two purposes for UL sounding RS:
(1) UL channel dependent scheduling; 

(2) Channel reciprocity exploitation, for example DOA estimation for downlink beam-forming (BF); 

An example is given to show the RS LB selection scheme, when the ratio of UL/DL is 4:3. As shown in Fig. 1, there are two options:
Option A: The first LB in the first UL timeslot of the radio subframe;

Option B: The last LB in the last UL timeslot of the radio subframe;
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Fig. 1 Selection of Sounding LB

The principles to select which option for sounding LB are as follows:

(1)If UL sounding RS is used for UL channel dependent scheduling, Option B is used. Because UE can transmit UL data in the scheduled resources till next radio subframe, in order to make the information obtained from UL sounding RS as accurate as possible, sounding RS had better to be transmitted in the last LB of the last UL timeslot in the radio subframe.

(2)If sounding RS is used to exploit channel reciprocity, such as BF, Option A is applied, which give time to Node B to process UL the sounding RS as much as possible.

(3)If sounding RS is used for both UL channel dependent scheduling and channel reciprocity exploitation, the sounding RS is sent according to the same scheme as (2) or (1) to simplify the system design.
Finally we want to point out that in order to simplify system design further, the LB can be fixed to be which LB, such as the first LB. 
3. Sounding RS Bandwidths and Multiplexing
Many companies proposed that multiple bandwidths should be defined for sounding RS [3, 4], where at least two kinds of sounding bandwidths, broadband and narrowband, should be included. Three bandwidths were mentioned many times: 1.25MHz, 2.5MHz and 5MHz, and the multiplexing method is hybrid FDM-CDM.
When sounding RS is used to exploit channel reciprocity, such as DOA estimation, the DOA can be estimated well with just small bandwidth. In order to support more users to send sounding RS for channel reciprocity exploitation, it is proposed to support send sounding RS in small bandwidth. There are two approaches to solve the problem above. For approach 1, a new small bandwidth definition, e.g. 720KHz, is introduced. For approach 2, a new RPF value is defined, which is larger than the number of bandwidth by one, e.g. 4 (i.e. 1 plus three sounding bandwidths such 1.25MHz, 2.5MHz and 5MHz). An example is given in Fig. 2, where the reserved sub-carriers are to send sounding RS for channel reciprocity exploitation, but the sounding bandwidth needs not be specified and can be various. Approach 2 provides more flexibility to send sounding RS in small bandwidth, however, brings more overhead to control signaling, therefore we have little preference for approach 1.
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Fig. 2 Approach 2
4. Conclusions

This paper mainly discussed two issues of UL sounding RS for TDD with alternative frame structure:

1) It is proposed to transmit sounding RS according to the signaling from Node B for TDD with alternative frame structure, and the sounding RS LB selection should provide more flexibility and adapt to various application scenarios. Some principles to select LB are also suggested. 
2) For sounding RS bandwidth, it is proposed to support smaller bandwidth to send sounding RS for channel reciprocity exploitation and two approaches are presented, where we have little preference for approach 1.
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