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1. Introduction

It is agreed to study Type II relay in RAN1 #56bis meeting [1]. A Type II relay node (RN) cannot transmit its own CRS as it does not have a separate cell ID and appears as a part of the donor eNB at least to Rel-8 UEs. Thus, to step forward in studying Type II relay, it is necessary to clarify what kind of RS can be transmitted by Type II RNs. This contribution presents several methods for half-duplex Type II RNs to transmit RS.
______________________________________________________________________
2. Methods for RS Transmission
This section lists several methods of RS transmission in a cell having one or more Type II RNs. Over-the-air combining in [2] is assumed as the method of the cooperation between eNB and RN.
1) Method 1 where RN never transmits CRS
In this method, RN does not transmit CRS at all. As a result, we have no choice but to use DRS to assist the demodulation of PDSCH transmitted by RN.
Figure 1 illustrates an example of Method 1: At subframe n, eNB tries initial transmissions of PDSCH to UEs, and RNs overhear these transmissions for data relaying at subframe (n+k). UE1, a Rel-8 UE to be served by RN1 at subframe (n+k), is configured to be in the DRS mode. At subframe (n+k), each RN forwards the overheard PDSCH without transmitting CRS. As no CRS is transmitted by RN1, we have no choice but to rely on DRS in transmitting PDSCH to UE1. RS defined in Rel-10 can be used for the PDSCH transmission to UE2 which is a Rel-10 UE.
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Figure 1. An example of the operation in Method 1.

As RNs do not transmit CRS in this method, eNB is the only point from which CRS is transmitted. This implies that RNs cannot forward any control channel (CCH) such as PDCCH, PDFICH, and PHICH. This may make it difficult to use Type II relay for the purpose of coverage hole removal. Also, this disables CRS-based PDSCH transmission to Rel-8 UEs, which may result in lack of flexibility in the PDSCH transmission mode adaptation. On the other hand, each RN can receive PDCCH from eNB as it is not involved in transmission in the PDCCH region in each subframe. This implies that eNB is able to control each subordinate RN via its PDCCH.
2) Method 2 where RN transmits CRS but transits to reception mode without any signaling to Rel-8 UEs
In this method, RN transmits CRS in accordance with eNB if it is in transmission mode, but, if it transits to reception mode, its CRS transmission is stopped without any signaling at least to Rel-8 UEs. Consequently, the CRS channel seen by a Rel-8 UE may significantly fluctuate at each subframe depending on the transmission/reception mode of RNs.
Figure 2 illustrates an example of Method 2. At subframe n, eNB tries initial transmissions of PDSCH to UEs, and RNs overhear these transmissions for data relaying at subframe (n+k). It is possible to configure UE1 to be in CRS mode as RN1 will transmit CRS at subframe (n+k). PDSCH for UE2 may be demodulated based on CRS or Rel-10 RS.
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Figure 2. An example of the operation in Method 2.

This method is beneficial in that CRS-based transmission (including CCHs) becomes possible. However, due to the CRS channel fluctuation, a Rel-8 UE may suffer from measurement impairment and demodulation performance degradation especially when it is located in the midway between eNB and RN. In addition, eNB should share the CCH contents with each RN prior to the CCH transmission, which requires additional resource consumption and scheduling latency. Also, as RN is involved in the PDCCH transmission at each subframe, a new CCH other than PDCCH is needed for eNB to control the subordinate Type II RNs.
3) Method 3 where RN transmits CRS and transits to reception mode with MBSFN signaling to Rel-8 UEs
This method is similar to Method 2 in that RN transmits CRS in accordance with eNB if it is in transmission mode. The difference is that, by MBSFN configuration signaling, eNB notifies Rel-8 UEs of the absence of CRS at the subframe where RN is in reception mode. Consequently, it becomes possible to avoid the CRS-channel fluctuation in Method 2.
Figure 3 illustrates an example of Method 3. At subframe n, eNB configures the subframe as MBSFN subframe and tries initial transmissions of PDSCH to UEs. RNs and Rel-10 UEs listen to these transmissions but Rel-8 UEs (UE1 in the figure) cannot receive them due to the MBSFN configuration. At subframe (n+k), eNB and RNs transmit PDSCH and CRS, and Rel-8 UEs perform CRS measurement. Note that RNs should be involved in PDCCH and CRS transmission in the PDCCH region of subframe n (MBSFN subframe) to prevent the CRS-channel fluctuation completely. As in Method 2, eNB should share the CCH contents with each RN prior to the CCH transmission.
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Figure 3. An example of the operation in Method 3.

One disadvantage of this method is that it is impossible for a Rel-8 UE to listen to the initial PDSCH transmission due to the MBSFN configuration. This would cause some loss in the potential advantage of Type II relay where a tightly-coupled cooperation between eNB and RN becomes possible. In addition, there exists some mismatch of the channels experienced by CRS and PDSCH at subframe (n+k): UE1 sees CRS from RN2 as well as eNB and RN1, but RN2 does not transmit the PDSCH to RN1. This channel mismatch will degrade the PDSCH demodulation performance to some extent, but if RN2 is located far from UE1, this degradation may be negligible.
In order to avoid the above-mentioned channel mismatch, it is possible to consider a modification of Method 3 by making all the RNs to be involved in the transmissions of all the PDSCH. For this operation, all the PDSCH contents should be shared with all the RNs in the cell as called the “multicast of backhaul signal” in Figure 4. This operation will require more resources to be allocated to the eNB-RN links as separated optimization of the backhaul signal transmission becomes impossible.
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Figure 4. An example of the operation of Method 3 along with the multicast of backhaul signal.

______________________________________________________________________
3. Summary
Three different methods for RS transmission in Type II relay nodes are discussed in this contribution. Table 1 summarizes and compares the discussed methods.
Table 1. Summary of RS transmission methods.
	
	RS transmitted by RN
	Related signaling to Rel-8 UEs
	Pros
	Cons

	Method 1
	DRS only
	None
	No measurement impairment

Low signaling overhead
	CCH and CRS cannot be relayed.

	Method 2
	CRS or DRS
	None
	CRS-based PDSCH transmission is applicable.
	CRS-channel fluctuation
Overhead for the CCH contents sharing

	Method 3
	CRS or DRS
	MBSFN configuration when RNs are in receive mode
	No measurement impairment
CRS-based PDSCH transmission is applicable.
	Rel-8 UE cannot listen to the initial PDSCH transmission.
More overhead for the CCH contents sharing (when the multicast of backhaul signal is used)


______________________________________________________________________
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