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1 Introduction

Relays are considered to be a key enabler for coverage and capacity enhancements in LTE-A. Several contributions in previous RAN1 meetings [1, 2, 3] have compared different high-level alternatives for relay design, in particular: L1 vs. L2 vs. L3 relays.

Due to the backward compatibility requirement of LTE-advanced, several contributions in previous RAN1 meetings [4, 5] have discussed both the physical layer and the upper layer impacts of the different types of relays.
In the last RAN1 meetings, way forward on relay operation for LTE-A is agreed as follows [6]:
· Support of type 1 relay node
· A type 1 relay node (type 1 RN) shall appear to a UE as a separate cell distinct from the donor cell
· type 1 RN shall have its own Physical Cell ID (defined in LTE Rel-8) and transmit its own synchronization channels, reference symbols, …
· In the context of single-cell operation the UE shall receive scheduling information and HARQ feedback directly from the type 1 relay node and send its control channels (SR/CQI/ACK) to the type 1 relay node
· A type 1 RN shall appear as a Rel-8 eNB to Rel-8 UEs (i.e. backwards compatible) 

· How type 1 RN appears to LTE-A UEs

· It shall be possible to allow a type 1 RN to appear differently than Rel-8 eNB to LTE-A UEs for further performance enhancement.

· Other types of relay nodes and corresponding specification impact are FFS
Also the text proposal for the relay-eNB link in [7] is basically agreed, which proposes that:

For inband relaying, the eNodeB-to-relay link operates in the same frequency spectrum as the relay-to-UE link. … 

One possibility to handle the interference problem is to operate the relay such that the relay is not transmitting to terminals when it is supposed to receive data from the donor eNodeB, i.e. to create “gaps” in the relay-to-UE transmission. These “gaps” during which terminals (including Rel-8 terminals) are not supposed to expect any relay transmission can be created by configuring MBSFN subframes as exemplified in Figure X. Relay-to-eNodeB transmissions can be facilitated by not allowing any terminal-to-relay transmissions in some subframes.
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Figure X: Example of relay-to-UE communication using normal subframes (left) and eNodeB-to-relay communication using MBSFN subframes (right).
According to the above two basic agreements, L3 relays have no problem with backward compatibility and to be a candidate technique. However, the backward compatibility and specification impact of L1 relays have no conclusion at this moment. Therefore, this document aims to analyze the backward compatibility of L1 relays.
2 L1 Relay Clarification
The simplest form of an L1 relay is an RF repeater, which amplifies the input signal (desired signal as well as thermal noise and interference) with a short delay (typically fraction of a CP). Since the RF repeater transmits the received waveform without a substantial delay (e.g., within CP length), it has the RF isolation issue and violates the baseline that the relay is not transmitting to terminals when it is supposed to receive data mentioned above. Therefore this document does not consider the RF repeater here and mainly discusses other advanced L1 relays.
Here we analyze three different types of advanced L1 relays . 
The first one is named Baseband Repeater which only amplifies a portion of the overall bandwidth and this implies some digital processing (FFT/IFFT) to be done at the relay which involves an associated delay of one or more OFDM symbols. However, it is generally agreed that the relay is not transmitting when it is receiving data to avoid isolation challenges, which means there is at least one subframe forwarding delay. In this concern, the advanced repeater does not involve extra delay.

The second type of advanced L1 relays can be called Demodulate-and-Forward (DmF) relay whose block diagram is illustrated in Figure 1.
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Figure 1. Block diagram of DmF relays

As shown in Figure 1, compared to the baseband repeater, the DmF relay further performs channel equalizer, demodulation and re-modulation. Therefore it can eliminate the channel factor of the source-relay link and support link adaptation in some way. Since the operation of channel equalizer, demodulation and re-modulation involves small delay and the forwarding delay is also one subframe.
A smart hybrid relay can be also regarded as an advanced L1 relay. In this smart hybrid relay mode, the relay fast forwards the received signal with amplify-and-forward or demodulate-and-forward and at the same time performs local decoding to feedback ACK/NACK which is illustrated in Figure 2. The timing procedure of the smart hybrid relay is shown in Figure 3. Because the forward signal has the same format as the advanced repeater or the DmF relay and the forwarding delay is the same as the other advanced L1 relays, the smart hybrid relay is also an advanced L1 relay from this perspective.
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Figure 2. Block diagram of the Smart Hybrid Relay
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Figure 3. Timing procedure of the Smart Hybrid Relay

As summary, the different types of advanced L1 relays are listed as follows:

1a: Baseband repeaters
1b: DmF relays

1c: Smart Hybrid relays

3
Advanced L1 Relay Analysis

3.1 
Advantages of Advanced L1 Relay

LTE-Advanced has an extreme requirement of the user plane latency delay which makes a challenge for the practical implementation of the relay technique. The advanced L1 relay has a significant advantage compared to L2 & L3 relays: short processing delay in the relay (1 subframe at the most) and therefore short latency. 
3.2 
Discussion of the issues pointed out in the latest meeting
In the latest meeting, several issues concerned on the L1 relay are listed as follows:
· 1. HARQ timeline: As shown in [4], an advanced repeater which introduces a delay of one or more subframes is not compatible with the HARQ timeline in LTE Rel 8. For example, if the UE transmits a PUSCH on the UL, it expects a DL ACK four subframes after the PUSCH transmission. However, since the relay introduces a delay of one or more subframes in order to relay the PUSCH, the eNB is unable to decode and deliver the ACK in the subframe in which it is expected by the UE. 
· 2. Channel estimation: An advanced repeater necessarily uses the same Cell ID as its serving eNB since it amplifies (a portion of) the eNB’s signal. As a result, a Rel 8 UE cannot distinguish the relay from its serving eNB. Moreover, since the relay transmits only in a subset of the subframes, the UE sees large channel variations across subframes, and any filtering across subframes results in large channel estimation errors. This results in erroneous data reception as well as errors in measurement reporting. 

· 3. Serving Cell Selection: Since the UE cannot distinguish the relay from its serving eNB, it cannot provide measurement reports separately for these two entities. As a result, there is no mechanism for the network to determine which UEs should be served by the serving eNB only and which UEs should be assisted by a relay node. 

· 4. Power control: Since UEs are unaware of the relay node as a separate entity, the relay node will not be able to independently power control UEs in its vicinity. This results in large power variations and potential jamming at the relay node.
Issue 1 HARQ timeline: it is a problem for the advanced L1 relay 1a and 1b. However it does not exist for the advanced L1 relay 1c. As depicted in Figure 2 and 3, when the smart hybrid relay receives signals, it forwards the amplified signals or the demodulated-and-remodulated signals in the subsequent subframe. At the same time, the relay continues to locally decode the signals as the L2 & L3 relays. After decoding, it delivers the corresponding ACK/NACK signalling according to the decoding result to the source and therefore the HARQ timeline is the same as the L2 & L3 relays and it is backward compatible with Rel 8 terminals.
Issue 2~4: Since the advanced repeater (1a) cannot eliminate the channel factor of the source-relay link, it cannot replace the pilot of the serving eNB with its own pilot. Therefore issue 2~4 are big problems for the advanced repeater. However, the 1b and 1c relays can eliminate the channel factor of the source-relay link, they have no need to hold the cell ID of the serving eNB. They can insert their own Relay cell ID which may be the circular shifting form of the Cell ID of its serving eNB or implicitly transmitted in the data transmission. Therefore, these advanced L1 relays (1b and 1c) can be distinguished by the terminals and realize channel estimation, appropriate serving cell/relay selection and independent power control as the L2 & L3 relays.
3.3 
Comparison of different types of Advanced L1 Relay

1a: Baseband repeaters
The baseband repeater needs to know which portion of the bandwidth it should amplify and forward. Now it is not clear whether the baseband repeater needs to convey the information to another resource bandwidth to adapt the channel of its next link. If the baseband repeater needs to convey the data to another resource bandwidth to adapt the channel of its next link, then it should decode the PCFICH and PDCCH to get the DL/UL scheduling information. Otherwise, the baseband repeater can have two options to obtain the bandwidth allocation information: one is to decode the PCFICH and PDCCH to get the DL/UL scheduling information and another one is the pre-configuration of the bandwidth allocation. However, it will lose the frequency selective diversity and the performance will be degraded.

The baseband repeater needs to receive the BCH from the donor BS to get the cell configuration just like the L3 relays.

1b: DmF relays

Since the DmF relays need to demodulate the received data, this implies the relays should decode the PCFICH and PDCCH to get the DL/UL scheduling and MCS information. However, we believe the decoding of PCFICH and PDCCH involves small processing delay and does not increase the overall forwarding delay.

The DmF relays needs to receive the BCH from the donor BS to get the cell configuration just like the L3 relays.
1c: Smart Hybrid relays

The Smart Hybrid relays have the same requirements to decode the PCFICH and PDCCH and receive the BCH from the donor BS. 
As a summary of the above analysis, the comparison of the different types of the advanced L1 relay is concluded in Table 1.

Table 1 Comparison of the different types of the advanced L1 relay

	
	1a: Baseband repeater
	1b: DmF relay
	1c: Smart Hybrid relay

	Whether need to listen to the BCH of the donor BS
	Yes
	Yes
	Yes

	Whether need to decode the PCFICH and PDCCH
	FFS 
	Yes
	Yes

	Forwarding delay
	1 subframe
	1 subframe
	1 subframe

	Whether have any HARQ timeline issue
	Yes
	Yes
	No

	Whether have any Channel estimation issue
	Yes
	No
	No

	Whether have any Serving cell selection issue
	Yes
	No
	No

	Whether have any Power control issue
	Yes
	No
	No


4
Conclusions

As analysis above, there may be different kinds of the advanced L1 relay, 1a & 1b & 1c. At least the 1c relays do not have the issues concerned in the last meeting and can be backward compatible to the Rel 8 terminals from the current analysis. In other word, the 1c relays support the characteristics of the type 1 RN which is agreed in the way forward on relay operation for LTE-A.
Note: This is mainly the research work by Shanghai Research Centre for Wireless Communications. 
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