Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG-RAN WG1 Meeting #60b
 R1- 101920
Bei Jing, China, 12 – 16 April

Source: 
Nokia, Nokia Siemens Networks
Title:
Improved Access-backhaul Partition Scheme for TDD Relay 
Agenda item:
6.6.2
Document for: Discussion and Decision
1
Background
· In 3GPP RAN1#56 meetings, “type 1” relay node has been chosen as baseline supported relay type in LTE-Advanced [1] at least. Then in the email reflector of RAN1#56 meetings, “WF on Access-Backhaul partitioning of Relays” [2] and corresponding text proposal for RAN1#56bis were also agreed to define the relay transmission mode for access link and backhaul link. In this WF, the following transmission mode is defined as a baseline solution except the FFS parts:

· e-NB → RN and RN → UE links are TDM in a single frequency band (only one active at a time)

· RN → e-NB and UE → RN links are TDM in a single frequency band (only one active at a time)

· A scheme supported in FDD: 

· e-NB → RN in DL frequency

· RN → e-NB in UL frequency

· A scheme supported in TDD
· e-NB → RN in DL subframes of the e-NB and RN 

· RN → e-NB in UL subframes of the e-NB and RN

Herein, mainly two features are defined for the baseline relay solution, which are 1) access link and backhaul link are TDM, so relay could not communicate with R-UEs and e-NB simultaneously; 2) the same frame structure is used in e-NB cell and relay cell. 
It was shown that this baseline scheme brings some unexpected problems for TDD system, which will cause system performance reduction [3]. In this document, we will shortly review this problem and propose some solutions to it.  
2
Problems for Baseline Relay Solution

As stated in section 1, in agreed baseline scheme of relay transmission mode for backhaul link and relay access link, “RN → e-NB and UE → RN links are TDM in a single frequency band (only one active at a time)” and “RN → e-NB in UL subframes/frequency of the e-NB and RN”. This means that when relay is doing uplink data transmission to his donor e-NB, the uplink sub-frame configured for UL backhaul will have to be “blanked” for Relay attached UEs(R-UEs). Hence, there is no uplink HARQ feedback for previous downlink data transmissions also for R-UEs in this sub-frame. 
In FDD, this problem seems not significant because the corresponding DL sub-frame and UL sub-frame could be both together reserved for relay backhaul transmission. In the downlink backhaul sub-frame, relay cells are set as MBSFN sub-frame which do not contain data payload for R-UEs, which avoids the need to transmit feedback in UL backhaul sub-frame.
In some TDD UL/DL configurations, there exists the case that one uplink sub-frame relates to several downlink sub-frames. If one uplink sub-frame is reserved for UL backhaul transmission, the uplink feedback of R-UEs can not be transmitted at all. Thus if not all related downlink sub-frame are configured as MBSFN sub-frame, there will be the “uplink feedback missing” case, i.e. relay could not receive the uplink feedback for downlink transmissions to R-UEs (Refer to Figure 1 for TDD Configuration4)
For other TDD UL/DL configurations that could utilize baseline scheme, such as configuration 1, 2 and 3, this “uplink feedback missing” problem also exists. Even if we reserve all related downlink sub-frames for downlink backhaul transmission, there will be significant downlink throughput loss in relay cell, and resource waste in downlink backhaul link because downlink backhaul link may not need so many downlink sub-frame resource. Hence, reserving all related downlink sub-frames is not a feasible way. Furthermore, at least subframe0 and 5(Special sub-frame0 and 1 is possible also for backhaul) are not allowed to be reserved for downlink backhaul. Therefore, a solution to make the baseline TDD relay solution work without the limitations outlined above is required.
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Figure 1 Example: “UL feedback missing” problem in TDD UL/DL configuration 4
In the following sections, methods are proposed for obtaining uplink feedback in reserved uplink backhaul sub-frame while the minimal resource unit in time domain of 1 sub-frame is maintained. 
3
Improved Relay Solution
In this section, several methods are proposed for maintaining uplink HARQ feedback and simultaneously supporting UL backhaul transmission are proposed, and the way for backhaul resource allocation was discussed also. 

3.1
Method#1: Receiving half PUCCH to obtain uplink feedback
In current Rel-8 specification, PUCCH is used for carrying uplink HARQ feedback on the edges of the system bandwidth of uplink sub-frame, and is an efficient way to transmit uplink feedback because large number of ACK/NACK of different UEs can be code domain multiplexed in one PRB. Signaling payload carried by the PUCCH in the first slot is frequency hopped in the second slot in the TTI.  This provides repetition coding gain and frequency diversity gain. In the considered method, the relay could only receive one slot of PUCCH to obtain uplink feedback and do uplink backhaul transmission in the other slot. 

For example in the following figure, the relay receive half the PUCCH in the first slot, and switches from Rx mode to Tx mode in the 8th symbol and then does uplink backhaul transmission. From UE perspective, R-UE can still transmit PUCCH in the whole sub-frame no matter what relay will do to maintain full Rel-8 UE compatibility.
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Figure 2 receiving half PUCCH to obtain uplink feedback

The advantages for this method are that there could achieve a high capacity for ACK/NACK and thus is more efficient. The possible drawbacks for this method are the ACK/NACK performance loss due to repletion gain and frequency-hopping gain being not available anymore. Relay could use power control to enable UE to transmit PUCCH at a higher power but for cell-edge UEs which do not have sufficient power headroom available, such power control method is not a practical solution. Hence, this method could better be used for central and mid-cell R-UEs with relatively good channel quality, whose ACK/NACK detection performance at the relay receiver is not significantly impacted when only receiving PUCCH over one slot only. 
3.2
Method#2: Receiving half PUSCH to obtain uplink feedback
In current Rel-8 specification, the UE can be scheduled a PUSCH with no uplink data to obtain uplink control signaling such as CQI, PMI and ACK/NACK etc. In such PUSCH configuration, ACK/NACK is mapped to the four symbols that are closest to the symbol used for the reference signal. In this method, ACK/NACK is the most important uplink feedback provided by such uplink signaling, as the relay mainly needs to get ACK/NACK from R-UEs in the UL subframe configured for the backhaul. Since ACK/NACK is not mapped to all symbols in the sub-frame, relay could TDM its ACK/NACK receiving and uplink backhaul transmission in following way: 
The relay could configure one slot to receive ACK/NACK, i.e. to receive two symbols of ACK/NACK in PUSCH, and configure the other slot for uplink backhaul transmission. For example in the following figure, relay could receive ACK/NACK in the first slot, and then switch from Rx mode to Tx mode during the 8th symbol. Then, the relay could do uplink backhaul transmission in symbol 9 ~ 14 if there is no Tx mode to Rx mode switching time needed in the last symbol – this depends if the next subframe is configured as an UL or a DL subframe. From the UE perspective, R-UEs could just transmit the whole PUSCH on the sub-frame no matter what relay will do to maintain fullRel-8 UE compatibility.
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Figure 3 TDM Scheme for PUSCH ACK/NACK feedback
As half the symbols carrying the ACK/NACK are not used in the detection of the PUSCH at the RN receiver, some significant performance loss will occur if no other steps are taken. Fortunately in Rel-8 specification, there exists a mechanism to grant more resources for ACK/NACK in the PUSCH, which allows to decrease the coding rate of ACK/NACK signaling mapped to PUSCH symbols, and thus to boost the performance of ACK/NACK detection. According to [4], “in case no UL data in PUSCH, then the I_mcs filed will be set by RN to I_mcs = 29, and also set the "CQI Request" bit in this UL grant to 1. In this case, UE will set the modulation order to Qm = 2, which is QPSK”. And in [5], chapter 5.2.4.1, “the total number of REs (or available number of modulation symbols) in this UL sub-frame is determined by number of allocated PRBs. This means the total number of resources for CQI, ACK/NACK, and rank indication are fixed, and how to split the resources among the three is according to this "offset". The three each has its own offset configured via higher layer singling”. 

Hence, there are two ways to grant more resource for ACK/NACK:

· RN dynamically schedules more PRBs to decrease the coding rate of ACK/NACK to get stable performance;

· Relay could use high layer signaling to configure a larger offset of ACK/NACK to decrease the coding rate of ACK/NACK, then more resources will be granted to ACK/NACK to boost the performance.
After using the mechanism to grant more resource for ACK/NACK in PUSCH, the performance of ACK/NACK will not experience any significant loss any more according to our simulation. Hence, using current available Rel-8 specified procedures, the performance of ACK/NACK in PUSCH is not a problem. In this method, the ACK/NACK in PUSCH is a feasible and promising way to do TDM between PUSCH receiving and uplink backhaul transmission by relay.
One possible drawback of this method is that the capacity of ACK/NACK for different R-UEs is not so large because there can be only one UE per PRB(s) allocated for the PUSCH. But considering type 1 relay is used for cell coverage extension and there can be relatively fewer UEs as in a typical eNB cell, such drawback is not thought to be significant..

3.3
Method#3: Receiving ACK/NACK from PUSCH or PUCCH
Since Method 1 and Method 2 have their own advantages and disadvantages, method #3 is proposed to utilize advantages of both methods and avoid disadvantages of the two methods as much as possible(refer to Figure 4 below) 

Method #3 is a combination of method #1 and method #2, in which PUCCH could be used for R-UEs with good channel quality to transmit ACK/NACK, and PUSCH with no data could be used for R-UEs with relatively poorer channel quality to transmit ACK/NACK. The relay may use one slot to receive ACK/NACK and do uplink backhaul transmission in the other slot. From the UE perspective, R-UEs can transmit PUCCH or PUSCH on the whole sub-frame no matter what relay will do to maintain full Rel-8 UE compatibility.
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Figure 4 Method #3 to obtain uplink ACK/NACK feedback by relay
4
Resource Reservation Scheme for Backhaul

When relay is using some PRBs in one slot to do uplink backhaul transmission, Rel-8 UEs attached to e-NB cell can not use the same PRBs in the other slot to do PUSCH transmission. This is because PUSCH format for Rel-8 UE uses the whole sub-frame. These PRBs in the slot not used for the backhaul link will be wasted if not allocated to other transmissions. If there are multiple RNs in one e-NB cell, more resources will be wasted and transmission efficiency might be lower due to these waste resources. The following resource reservation scheme for backhaul link transmission is proposed to solve this problem.

e-NB can schedule different relays in different slot (i.e. slot #0 or slot #1 in the UL subframe used for UL backhaul), and allocate backhaul resources in such a way that the number of PRBs used for backhaul link in each slot is as close as possible. This method minimizes the number of PRBs in one slot that can not be used by Rel-8 UE’s transmission. For example, e-NB could schedule relays firstly in time domain, then in frequency domain, as illustrated in Figure 5.
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Figure 5 Resource Reservation Scheme for Backhaul Link Transmission
Hence, multiple RNs are FDMed plus TDMed in those PRBs reserved for backhauls UL transmissions. In this way, the number of wasted resource could be limited to a minimum. Note that those PRBs are only reserved in macro cell, but not in each RN cell since RN could Rx in one slot (no matter which slot #0 or #1) for its own cell uplink PUSCH/PUCCH.

In another way to utilize these resources that could not be used by Rel-8 UEs, e-NB could also schedule UEs beyond Rel-8 such as Rel-9 or Rel-10 UEs. 

Conclusion

In this document, we discussed the improved schemes for access-backhaul resource partition to enhance the performance of baseline relay. Basically, following proposals can be made:   
· In certain UL sub-frame, if RN wants to do UL backhaul transmission, one way is that RN only receive part of the PUCCH which is transmitted by R-UEs, or another way is that RN schedules R-UEs for UL PUSCH transmission, where CQI/PMI/RI, ACK/NACK could be included. And RN only receives part of the PUSCH to get ACK/NACK. 
· In some UL sub-frames, RN will determine whether to schedule R-UE to use PUSCH with no data according to the R-UEs channel quality. RN could get ACK/NACK from PUCCH or PUSCH from different R-UEs respectively.

· For part of the UL sub-frame, RN could switch from Rx mode to Tx mode or vice versa, and then transmit in UL backhaul for a certain time interval. Such operation is transparent for the Rel-8 UEs to maintain fully backward compatibility.
· When e-NB schedule relays on the backhaul link, e-NB could dynamically schedule relays to different slot, and reserved resources for backhaul link transmission will be allocated in a vertical way (frequency direction) to minimize the wasted resource. Thus, multiple relays are FDMed plus TDMed in those PRBs reserved for backhauls UL transmissions.  
With the above proposals and corresponding signaling schemes, the performance of baseline relay solution is expected to be enhanced further. 
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