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1. Introduction

Relay node shall be supported in LTE-A [1], where a Type I relay is already defined. In the last RAN1 meeting, some progress was made on a Type II relay [2]. The agreed framework [2] for Type II relay is 
· Type II relay should not have a separate cell ID and thus would not create any new cell(s)
· The type II relay should be able to relay also to/from release 8 UEs 

· At least a release 8 UE should not be aware of the presence of a type II relay

· Transparency also for release >8 UEs is preferred

· This provides the frame-work definition of a "type II" relay in order for 3GPP RAN to be able to study it. Aspects that need to be studied include:

· Performance benefits

· Specification impact

· …
While many contributions have discussed various Type II relay schemes, there still lacks sufficient discussion on Type II relays from a system perspective. In particular, it shall be carefully evaluated whether Type II relay shall transmit the Rel-8 control/reference/synchronization signals, such as CRS, PDCCH, PBCH, SIB, PSS, SSS, etc. In this contribution, we share our views on the above issues, assuming Rel-8 backward compatibility.
2. Control/Reference/Synchronization Signals for Type II Relays
2.1. Rel-8 CRS
A Type II relay node (RN) transmitting Rel-8 CRS may impact a Macro-UE’s channel estimation. A Macro-UE is connected directly to an eNB, from which it receives PDCCH and PDSCH. Macro-UE’s channel estimates obtained from Rel-8 CRS reflect a superimposed channel from the eNB and the RN collectively, while its PDCCH and PDSCH are transmitted only by the eNB. The mismatched channel estimates can significantly degrade the Macro-UE’s PDCCH/PDSCH decoding performance. Such an impact to legacy Macro-UEs is not desirable with the introduction of Type II RNs.
In case a Type II RN does not transmit Rel-8 CRS, then it shall not transmit PDCCH, PBCH or SIB, whose decoding requires Rel-8 CRS. On the other hand, without Rel-8 CRS, the channel quality between RN and UE cannot be accurately estimated, which limits the application of channel dependent scheduling and AMC. This would offset one of the goals for introducing a Type II relay, i.e. throughput enhancement. 
2.2. PDCCH
A Type II RN can transmit PDCCH, only if it also transmits Rel-8 CRS. Further, assuming a relay UE (named R-UE hereafter) also receives PDCCH from the eNB, it is preferable that RN and eNB transmit the same PDCCH to the R-UE. Therefore, eNB shall pre-schedule the RN-to-UE transmission and informs RN on the related scheduling grant. Further, RN shall construct the PDCCH for R-UE exactly in the same way as eNB. 
2.3. PBCH

A Type II RN can transmit PBCH, only if it also transmits Rel-8 CRS. Note that PBCH bears the information of antenna port configuration. Assuming R-UE can also receive PBCH from the eNB, it is preferable that same contents of PBCH are transmitted by the eNB and RN. Otherwise, PBCH decoding performance shall be degraded. This would require same antenna port configuration at eNB and RN, which is not desirable for flexible RN deployment. 
2.4. PSS/SSS

The detection of PSS/SSS does not rely on Rel-8 CRS. Therefore, PSS/SSS can be transmitted by the relay node. The impact on cell search and DL timing acquisition with RN transmitting PSS/SSS shall be evaluated, since additional propagation path is created. 

If RN is deployed for coverage extension, then the signal from eNB may be much weaker than the signal from RN. In this case, RN shall transmit PSS/SSS and functions more or less as a repeater.
In summary, Table I shows the pros and cons on the transmission of control/reference/synchronization signals by a Type II relay.

Table I: Summary of control/reference/synchronization signals for Type II relay
	
	Pros
	Cons

	CRS
	on
	Possible link adaptations 
between RN and R-UE 
	Interference to Macro-UEs

	
	off
	No interference to Macro-UEs
	Channel quality unknown 
between RN and R-UE 

	PDCCH
	on
	Improved PDCCH reception
	Same PDCCH transmitted by eNB and RN 

	
	off
	R-UE only receives PDCCH from eNB
	Not applicable for coverage extension

	PBCH
	on
	Improved PBCH reception
	May require same antenna port configuration at eNB and RN 

	
	off
	Flexible antenna port 
configuration at RN
	Not applicable for coverage extension

	PSS/SSS
	on
	Possible for coverage extension
	Impact on PSS/SSS detection performance

	
	off
	No impact on PSS/SSS 
detection performance
	Not applicable for coverage extension


3. Examples of Type II Relay
Based on various ON/OFF combinations of RN control/reference/synchronization signals, there are many different Type II relays. In one example of a Type II relay, RN does not transmit Rel-8 CRS and PDCCH. From the discussion above, RN shall not transmit PBCH or even PSS/SSS. The purpose of such a Type II RN is to enhance throughput by facilitating the data transmissions. Note that an R-UE does not receive CRS from RN. Therefore, in order for the R-UE to utilize the signals from the RN, the R-UE has to be configured with transmission mode 7 and use DRS for PDSCH decoding. Beamforming can be independently applied at eNB and RN, with the constraint that resource allocation and MCS level for an R-UE shall be the same when it receives transmission from eNB and RN simultaneously. A few detailed examples are discussed below.

3.1. Scheme 1

In time slot 1, eNB transmits the following information to RN:

· PDSCH data;

· Scheduling grant in time slot 1 on PDCCH with RN C-RNTI; 
· Scheduling grant in time slot 2 on PDCCH with RN C-RNTI or on PDSCH.

In time slot 2, eNB sends the following information to R-UE

· Scheduling grant in time slot 2 on PDCCH with UE C-RNTI;

and RN transmits the following information to R-UE

· PDSCH data;

· Dedicated reference signals.

In this scheme, R-UE receives PDSCH data only from RN and receives PDCCH only from eNB. 
3.2. Scheme 2

In time slot 1, eNB transmits the following information to RN1 and RN2:

· PDSCH data;

· Scheduling grant in time slot 1 on PDCCH with RN1/2 (or an RN group) C-RNTI; 
· Scheduling grant in time slot 2 on PDCCH with RN1/2 (or an RN group) C-RNTI or on PDSCH.

In time slot 2, eNB sends the following information to R-UE

· Scheduling grant in time slot 2 on PDCCH with UE C-RNTI;

and RN1/RN2 transmit the following information to R-UE

· PDSCH data;

· Dedicated reference signals.

In this scheme, R-UE receives PDSCH data from multiple RNs and receives PDCCH from eNB. 
3.3. Scheme 3

In time slot 1, eNB transmits the following information to RN and UE:

· PDSCH data;

· Scheduling grant in time slot 1 on PDCCH with RN C-RNTI; 
· Scheduling grant in time slot 2 on PDCCH with RN C-RNTI or on PDSCH;

· Scheduling grant in time slot 1 on PDCCH with UE C-RNTI.
In time slot 2, eNB sends the following information to R-UE

· Scheduling grant in time slot 2 on PDCCH with UE C-RNTI;

and RN transmits the following information to R-UE

· PDSCH data;

· Dedicated reference signals.
In this scheme, R-UE receives PDSCH data from both eNB and RN in different time slots, and receives PDCCH from eNB only.
The above three schemes are mere examples. It is noticed that the three examples above all require eNB informing RN on the scheduling grant in time slot 2, which amounts to additional control overhead. A synchronous retransmission scheme was discussed in [3], which does not require such control overhead. Nevertheless, as discussed in section 2, the absence of RN CRS does not allow easy derivation of channel quality information between RN and R-UE. The benefits of such Type II relay node shall be evaluated. 
4. Conclusions

In this contribution, we discuss Type II relays with respect to the transmission of CRS, PDCCH, PBCH, and PSS/SSS. The pros and cons of each control/reference/synchronization signal being ON/OFF are briefly reviewed. Although several possible Type II relay schemes exist, further evaluation is needed for the final choice of Type II relays.
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