TSG-RAN WG1 #58                                       R1-093202
Shenzhen, CN, Aug 24 – Aug 28, 2009
Source:
ZTE

Title:
Backhaul Link Packet Aggregated Transmission
Agenda Item:
15.3
Document for:
Discussion/Decision
1. Introduction
The transmission efficiency of backhaul link has a great impact on the improvement of system capacity and coverage by introducing Relay. For higher efficiency on backhaul link, besides some special design on backhaul link resource assignment[1] and control channel format[2,3,4], the transmission mode of data also make important impact on it.  
The different character of data transmission between backhaul link and direct link is that more than one R-UEs’ data may be transmitted on backhaul link on the same subframe. By traditional transmission mode, each R-UE’s data should be propagated independently, it may cause some problems list below:
· on downlink, eNB should give one DCI for each R-UE’s data transmission, it leads to more overhead on R-PDCCH
· on uplink, RN should also give some indicator to eNB about the several R-UEs’ data transmitted on backhaul link, it may introducing new control signal and format
· Independently transmission of each R-UE’s data may ask more than one TBs in a subframe, it is not supported in R8 specifications 
· the well channel condition of backhaul link may not be sufficiently used    
Considered about these problems, some packet aggregated transmission mode should be discussed on backhaul link transmission[5,6] in order to provide higher resource efficiency. By different layer the packet are aggregated on, the transmission mode can be divided to TB and MAC aggregation. 
2. TB aggregation
In order to make full use of backhaul link relatively better channel condition and reduce signaling overhead caused by independent transmission of each TB of the R-UEs, TBs of different R-UEs under the coverage of an RN can be aggregated to a single TB, i.e. we call it R-TB. Then the R-TB is processed on physical layer, such as channel coding, modulation etc., and finally transmitted on backhaul link. DL data dedicated to R-UEs of a given RN could be aggregated at the eNB and transmitted to that given RN via one single R-TB. UL traffic of R-UEs of one given RN could be aggregated and transmitted to the eNB via one single R-TB, too. 

2.1 Two schemes of TB aggregation

Two different schemes of TB aggregation are proposed as followed: 

· Method #1: Add different CRC and TB header to each TB of R-UEs. The CRC implies which R-UE the TB belongs to, i.e. the CRC is scrambled by the C-RNTI of the R-UE, and the TB header indicates the size of the corresponding TB.

· Method #2: Add a CRC to all the TBs of R-UEs, and put a TB header to each corresponding TB. The TB header indicates the size of the TB and which R-UE the TB belongs to, i.e. the TB header should include the C-RNTI of the R-UE besides of the TB size. 

The two methods described above have different format of the TB header respectively. The length of the TB header can be fixed, e.g. the TB header can reuse the format of the MAC subheader and keep its length as the multiple of 8 bits. Alternatively, the length of the TB header can be flexible, e.g. it is less than 8 bits, the aim of which is to reduce the overhead of the TB header. In this case, it should be noted that the length of R-TB must be padded to the multiple of 8 bits in order to align with the actual TB sizes of the LTE specification [7].

In additional, there are two different types of the placement of the TB header, which are shown in figure 1 and 2. In figure 1, the TB header is placed ahead of the corresponding TB. In figure 2, all the TB headers are connected in the order of the TBs and placed in the front of the all TBs. The placement of the TB header will impact to the format of it.
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Figure 1: The TB header is placed in front of each corresponding TB
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Figure 2: All the TB headers are grouped and placed in front of all the TBs

2.2 Comparison

We will compare the two methods depicted above in two aspects. 

1. Overhead: 

· The CRC in method #1 is 24 bits: As the different CRCs are added to TBs of R-UEs, the overhead of method #1 is much larger than method #2. 

· On the other hand, the number of R-UEs of a given RN is much less than that of eNB. Since the C-RNTI field of the TB header of method #2 is used to identify the R-UEs of the given relay, it can be united to different groups to realize compression, e.g. from 16 bits to 8 bits. So the overhead of the method #2 is reduced significantly. In this case, whether the CRC in method #1 is 24 bits or 16 bits, the overhead of method #1 is much larger than method #2. 

2. HARQ retransmission: 
In method #1, because different CRCs are added to different TBs of R-UEs, the ACK/NACK feedbacks of multiple TBs can be transmitted in an independent way. On the contrary, in method #2, a single ACK/NACK feedback is made for an R-TB. So a single TB of an R-TB in error will not cause retransmission for the whole R-TB in method #1. 

2.3 The advantage of TB aggregation
The proposed TB aggregation scheme not only can reduce the overhead of the control signaling of backhaul link, but also can reduce the times of RN’s blind decoding and transmission delay. In order to make full use of backhaul link good performance and improve the resource utilization, higher-order modulation can be used to R-TB which is transmitted on backhaul link. 
3. MAC aggregation
The transmission mode of aggregation of TBs provides low delay and less blind detection times, while the MAC aggregation mode may benefit to the adaptability and flexibility of backhaul link scheduling, and have no impact on R-PDCCH and R-PHICH which the TBs aggregation mode should consider more.
For MAC aggregation mode, MAC SDU is the aggregation element. The eNB or RN put several MAC SDUs which belongs to different R-UEs into an R-MAC PDU. The header of R-MAC PDU contains the indicator to denote the donor R-UE of each MAC SDU which is packed in R-MAC PDU payload. An example of R-MAC PDU structure is showed in figure 3.
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 Figure 3: An example of R-MAC PDU structure
The indicator of donor R-UE of each MAC SDU may use the C-RNTI, by introducing the C-RNTI as the indicator it provides the explicit indication of adscription of all MAC SDUs packed in R-MAC PDU payload.
On downlink, eNB puts several MAC SDUs belongs to different R-UEs into one R-MAC PDU and then propagates it to RN. After receiving an R-MAC PDU, RN should disassemble it according to the subheaders contained in R-MAC PDU header, and pass the MAC SDUs getting from payload to high layer for further operation.
On uplink, RN receives several R-UEs data and disassembles them into MAC SDU, re-segment them if necessary, and then RN selects some appropriate MAC SDUs packet into an R-MAC PDU according to the R-UEs’ service requirement or backhaul link channel condition and some other scheduling related factors. By using R-MAC PDU, RN transmits data of different R-UEs to eNB on backhaul link at the one subframe.
3.1 Indication for each MAC SDU
To indicate the adscription of each MAC SDU, a simple way is to adding the C-RNTI of donor R-UE into the related subheader to denote which R-UE the MAC SDU belongs to.
This indication may need to add a Node ID field to MAC SDU subheader and fill the Node ID field with donor R-UE’s C-RNTI. The subheader indicates the correlated MAC SDU belongs to the R-UE whose C-RNTI fits the one contained in the Node ID field.
The Node ID field in each subheader can provide an explicit indication of the adscription of the MAC SDU, eNB and RN may pack many MAC SDUs into an R-MAC PDU and give the related indicator in R-MAC PDU header. For this structure of R-MAC PDU, the indication of MAC SDU is added in each subheader, the merit as:
· simple operation, each MAC SDU and the related subheader is independent 
· explicit indication, one MAC SDU has one Node ID field to indicate the donor R-UE
On the other side, this indication method also has some shortage. For giving each MAC SDU an independent indication, it will lead to some additional overhead, e.g. maybe 16bits per MAC SDU. Considering the indication overhead, this method may be more applicable for the R-MAC PDU which contains several MAC SDUs and neither of them belongs to the same R-UE.
3.2 Indication for a group MAC SDU

When an R-MAC PDU contains many MAC SDUs and some of them belong to the same R-UE, taking an indicator for each MAC SDU, i.e. the way presented in section 3.1 is apparently inefficiency. For the group of MAC SDUs which have the same donor R-UE, one indicator is sufficient, and it brings less overhead in R-MAC PDU header.
C-RNTI used as the indicator should be presented only one time for the group of MAC SDUs which has the same donor R-UE. In R-MAC PDU payload, the several MAC SDUs in a group should be packed back-to-back, and accordingly the related subheaders should be proximate in R-MAC PDU header. And then, the Node ID field presented only in the first subheader of a group, and the C-RNTI of donor R-UE fills the Node ID field to indicate this group of MAC SDUs’ adscription. The other subheaders related with the MAC SDUs of the same group have no Node ID field.
This indication method is applicable for the case that more than one MAC SDUs belong to the same R-UE in an R-MAC PDU, the merit are: 
· indicate a group of MAC SDUs with one indictor, low overhead
· pack a group of MAC SDUs back-to-back, in favor of further operation
3.3 The advantage of MAC aggregation
Aggregating several R-UEs’ MAC SDUs in MAC layer, and transmitting R-MAC PDU on backhaul link can provide pieces of advantage, besides the merit of all aggregation transmission modes had, such as transmitting more than one R-UEs’ data at the same subframe, scheduling flexibility, higher resource efficiency, etc. On the other hand, MAC aggregation mode using MAC SDU as the aggregating element may include the re-segment operation to pack R-MAC PDU with appropriate MAC SDUs according to the different channel condition between backhaul link and access link, it will increase the sensitivity to channel condition, therefore higher resource efficiency of backhaul link would be achieved.  
4. Conclusion
In order to make full use of backhaul link resource, it was proposed that TBs of multiple R-UEs should be aggregated to an R-TB which is transmitted on backhaul link, both DL and UL. Such aggregation could be made on MAC layer or physical layer. Further more, two aggregation schemes, i.e. MAC aggregation and TB aggregation, are proposed. Aggregation transmission mode not only can reduce the control signaling overhead of backhaul link, but also can improve the schedule flexibility and resource utilization by scheduling the traffic flexibly and choose the appropriate aggregation scheme depends on the link condition of backhaul link and access link, and R-UE’s traffic requirement.
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