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1. Introduction
· In this contribution, we discuss backhaul subframe structure and timing offset for UL measurement with relay nodes (RN). In recent meetings, the following agreement was made [1]:

· RN → eNB and UE → RN links are time division multiplexed in a single frequency band (only one is active at any time)

And possibly, the time-domain resources (set of subframes) for the uplink backhaul link are semi-statically assigned [2]. Thus, comparing with LTE, the SRS subframe configuration will be hard limited, e.g. RN can not receive SRS from UE in backhaul UL subframe when transmitting to donor eNB. For implementing functions for uplink RRM in donor eNB or RN such as connection mobility control and dynamic allocation of resources, donor eNB or RN should obtain timely CSI of backhaul/access/direct uplink. 

We present some candidate schemes of subframe structure and timing configuration for implementing UL channel measurement.
2. UL channel measurement for Type I RN
· Backhaul and Access UL channel measurement in different subframes 
Considering traditional scheme for UL channel measurement, RN could transmit RN Sounding Reference Symbol（R-SRS）on the last SC-FDMA symbol of backhaul UL subframe. For avoiding RF self interference between UL backhaul transmission and UL access receiving, in general the first and last symbols might be punctured as guard period (GP). Duration the GPs, RN can switch between the UL RX and UL TX chain, without any UL transmission include R-SRS [3]. 

As shown in Figure 1, two pieces of GPs are allocated at the front and back of the backhaul UL subframe, and this backhaul UL subframe is delayed 
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 as timing offset. The transmission of R-SRS for UL backhaul link measurement is advanced by, so that the R-SRS can be multiplexed with SRS from the macro UEs [4]. The SRS from R-UE would be received during the last SC-FDMA symbol of UL access link as traditional scheme for UL channel measurement. 
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Figure 1. subframe structure and timing offset for UL measurement in different subframes
The backhaul UL subframe timing offset could be signalled by TA command from donor eNB to RN. The length of 
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 should be enough to switch RF UL TX to UL RX, such as one or half SC-FDMA symbol duration [5]. 
· Access UL channel measurement in UL backhaul link
For effectively implementing connection mobility control and dynamic allocation of uplink resources, most recently obtaining CSI of access uplink is expected even during the backhaul transmission where e.g. several successive UL backhaul subframes are configured. 
RN receives SRS from R-UE at the last SC-FDMA symbol, as shown in Figure 2. Two pieces of GPs could be allocated, and the later GP is placed at next the last SC-FDMA symbol between UL Data/control/DMRS transmission to donor eNB and UL SRS receiving from R-UE. 
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Figure 2. subframe structure for UL access measurement

UE-specific SRS configuration is informed by RRC signal from RN, and PUSCH/PUCCH should not scheduled in that subframe when RN UL transmission exists. 

· Backhaul and Access UL channel measurement in same subframe

Considering approaches presented above, it’s could implemented that backhaul and access UL channel measurement are performed in same subframe for more efficiency and flexibility.
A GP is placed in the front of the backhaul UL subframe as usual, and another GP is allocated at next the last SC-FDMA symbol between UL R-SRS transmission and UL SRS receiving for RN. This backhaul UL subframe is delayed 
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, by which the transmission of R-SRS is advanced, thus the R-SRS can be multiplexed with SRS from the macro UEs, such as Figure 3 shows. 
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Figure 3. subframe structure and timing offset for UL measurement in same subframe

RN will not schedule PUSCH/PUCCH in that subframe when RN UL transmission exists, and UE-specific SRS configuration is informed to R-UE by RRC signal from RN. The backhaul UL subframe timing offset could be signalled by TA command from donor eNB to RN. The length of 
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 should be enough to include a SC-FDMA symbol duration for SRS receiving and a GP for RF switching.
3. UL channel measurement for Type II RN 

For a relay facilitated Rel-8 UE within eNB PDCCH coverage, it could receive Rel-8 CRS only from eNB [6]. Thus, at least for Rel-8 UE, the combined links by eNB → UE and RN → UE can hardly be measured. UL channel measurement would be helpful for DL transmission in TDD systems where DL and UL are reciprocal, and in FDD, such measurement could be mainly for UL scheduling, RN-UE pairing and the fast convergence of outer-loop link adaptation of DL transmission.
Considering that RN has to work in a TDM way to transmit and to receive at a given frequency band [6], if the UL receiving phase is nearby before or following the UL transmitting phase of RN, the last SC-FDMA symbol could be configured as cell-specific SRS occasion for possible direct link measurement and concurrently punched as a GP for RN RF switching between the two phases. Related subframe structure is shown in Figure 4.
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Figure 4. subframe structure for UL direct link measurement
Generally, the UL receiving phase and UL transmitting phase of RN are not always near each other, so that it does not need any GPs during the subframes where no RF switching exist. As shown in Figure 5, on the receiving phase, RN overhears and analyses the SRS form UEs for UE → RN measurement; on the transmitting phase, RN transmits R-SRS configured by donor eNB at the last SC-FDMA symbol of subframe for RN → eNB measurement. Donor eNB could always receive SRS/R-SRS in the configured SRS subframes. 
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Figure 5. subframe structure for Type II RN UL measurement

For UE → RN measurement, Type II RN should obtain the SRS configuration information for UEs firstly. As shown in Figure 6, that could be completed by 
-
eNB informing RN the SRS configuration information with specific channel e.g. R-PDCCH (indicated with red line), or
- 
RN selectively overhearing the RRC signal from eNB to UEs without any specific signal for RN (indicated with green line).
After receiving the SRS from UEs, RN will send a measurement report to donor eNB for allocating suitable RNs and UL resources. 
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Figure 6. UE → RN measurement procedure
4. Use of Special subframe for UL measurement 

For TDD mode, as shown in Figure 7, a suitable R-SRS occasion could be placed into the GP duration configured by donor eNB without impacting the possible UL access link measurement at the UpPTS. The coverage and inter-site interference issues could not be problems if a coordination scheme is used among eNBs [7]. 
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Figure 7. special subframe structure for UL measurement
5. Conclusion
It’s presented in this contribution that the UL measurement of UE → eNB, UE → RN and RN → eNB could be implemented flexibly and efficiently by allocating suitable GPs and configuring a possible timing offset. If the RN’s uplink transmissions in subframe n and subframe n+1 are overlapped due to the timing offset, the RN could transmit complete subframe n and not transmit the overlapped part of subframe n+1. However the requirements of UL measurement in certain cases will be need for FFS. 
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