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1. Introduction 

RAN1 has been discussing the issue of how to send assignments for downlink and uplink allocations to inband relays. Multiple approaches (TDM, FDM and FDM + TDM) have been suggested. In [1], a TDM approach where the Rel-8 PDCCH is reused by having a 1-2 symbol shift between the macro and relay timing is proposed. In this contribution, we consider the implications of such a design. 
2. Discussion
2.1. Description of Symbol Time Offset

In this section, we first revisit the scheme proposed in [1]. Figure 1 (duplicated from [1]) shows the time offsets and how the relay is shifted w.r.t. the macro. It should be noted that the macro DL timing is after the relay timing.  
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Figure 1: Time offset between eNB and RN cells.

Figure 2 (also copied from [1]) shows the case of TDD, where the UL subframes of the macro and the relay are aligned (ignoring propagation delays). It should be noted that this is achieved by the macro eNB applying a very large time advance (1-2 symbols + twice the UE propagation delay) in order to approximately align its UEs’ transmission timing with that of the relay’s UEs.  
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Figure 2: Time offset between eNB and RN cells (TDD).

2.2. Issues with Symbol Offset: TDD
We first analyze the potential UL-to-DL jamming scenarios that can occur and compute the guard period that is necessary to avoid these scenarios. Note that UL-to-DL jamming occurs when one UE is receiving on the DL while a close-by UE is transmitting on the UL. Figure 3 shows a very simplified version of this, with one relay, one macro whose time is later than the relay’s by 1-2 symbols and one UE each connected to the relay and macro. For the purpose of this figure, we assume that the propagation delays and RF transition times are all negligible in comparison to the 1-2 symbol shift.
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Figure 3: Time offset between eNB and RN cells (TDD).

At the DL-UL switchpoint, it is easy to see that there must be at least a 1-2 symbol guard period to prevent the RUE uplink transmission from interfering with the MUE downlink reception. Similarly, at the UL-DL switchpoint, the macro must provide a large timing advance (1-2 symbols) to prevent its MUE from interfering with the DL reception of the RUE. Thus an additional guard period of 1-2 symbols is needed to support the symbol shift operation.  
The symbol shift and corresponding additional guard period raises a number of issues: 

(1) As there are two switch points, all eNBs in the network lose up to an additional 4 symbols per frame for the added guard periods. This translates to a 3% overhead, even for those macros which do not support any relays. In contrast, the R-PDCCH can be used only by macros supporting the relay transmission. 
(2) The current RAN4 specifications mandate a transmit time difference of less than 3 microseconds between all eNBs with less 3km cell radius [2]. Allowing for symbol shifting would require further work in RAN4 to specify new synchronization requirements for relays. Furthermore, a legacy UE that assumes a transmit time difference of 3 us may not work when the time difference is much larger (142 us). 
(3) Prior to receiving the large timing advance, the macro UE uplink transmission can cause interference to the relay UE downlink reception. Since the macro and relay UEs can be located very close to each other, this can essentially destroy the relay UE reception completely.
(4) The large timing advances used by the macro imply that adjacent channel operators are impacted by the UEs. It would be difficult to force adjacent channel operators, who may not be interested in relays, to use large guard periods. In some cases, the adjacent channel system could also be an already deployed system (such as TD-SCDMA) which can’t be changed. 

(5) The legacy eNB issue also applies within the operator TD-LTE network – even if relays are being deployed under a few macro eNBs, every macro eNB in the vicinity needs to be upgraded at the same time to support the larger guard period and large timing advance. This may not be realistic in a phased rollout. 

2.3. Issues with Symbol Offset: TDD and FDD
In addition to the issues that make symbol shifting difficult to implement in the TDD case, there are several other issues that degrade performance significantly for both the FDD and TDD cases. 

As already mentioned in [1], a fewer number of symbols are available for the R-PDSCH and the macro needs to turn off R-PDSCH transmission for 1-2 symbols. In [1], this is considered to be an implementation issue, but we believe this is not the case. Firstly, the code packets on the downlink are interleaved in a frequency first manner, which means that the code packet that overlaps with the last 1-2 symbols would be affected much more severely compared to others. Since only one acknowledgement is sent for all code packets, the worst-case packet determines the overall MCS chosen for the backhaul transmission and is thus a highly inefficient form of operation. The better design would be to interleave the data modulation symbols only among the available symbols so that no code packet is affected more than others. This however would have a RAN1/4 specification impact and it does not seem obviously preferable to redesigning the R-PDCCH.
Another potential impact of symbol offsetting on eNB implementation is the need to have significantly large time advances and operate in a mode where the DL TX and UL RX are significantly offset with respect to each other. Additionally, the use of symbol offsets means that any techniques that are developed or optimized for synchronous networks can no longer be used with relays. Examples of these include 

(1) Coordinated MultiPoint (CoMP) is not allowed since the Dedicated Reference Signals no longer overlap.

(2) Positioning Reference Signal (PRS) would have to be used in the “partially asynchronous” mode, which is less efficient compared to the synchronous mode. 

(3) TDM partitioning of subframes for advanced interference management techniques is no longer a viable option since subframe boundaries do not coincide for different cells. 
2.4. Specification Impact of Alternatives
While it is fair to state that there will be some specification impact for an FDM or FDM + TDM R-PDCCH design, we can minimize the impact by reusing many existing structures. This is especially true of the FDM design wherein the DRS pattern developed for the PDSCH can be reused for the R-PDCCH [3]. Additionally, the encoding and modulation schemes from 36.212 used for PDCCH can be reused. 
3. Conclusions

In this contribution, we have evaluated the proposal in [1] to use a symbol shift to allow the relay to read the macro eNB’s Rel 8 PDCCH. In the case of TDD, it is essentially a (partially) asynchronous TDD operation, which in turn results in adjacent and co-channel co-existence issues, as well as impacts on legacy UEs and eNBs. Furthermore, this solution prevents the efficient use of techniques that rely on synchronization for both FDD and TDD networks. Finally, even the potential reduction in R-PDCCH specification complexity may be offset by the need to design a modified R-PDSCH. Based on these considerations, we recommend that RAN1 adopt an R-PDCCH design for inband relays. 
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