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1
Summary
The purpose of this contribution is to compare Type II Relay use cases and design approaches with those put forward and assumed for the existing COMP framework, e.g. Joint Processing (Joint Transmission vs. Dynamic Cell Selection) and Coordinated Beamforming/Scheduling.

Based on this comparison we suggest that the Type II Relay definition may not be necessary in its present form, e.g. “no distinct Cell ID” and no other distinguishing technical characteristic compared to a Type I Relay.

2
Introduction
Relaying is being examined as part to the LTE-Advanced SI as a technology to enhance coverage and capacity and offer more flexible deployment options ‎[1].
Type I Relay was agreed to be included as one of the technology components for LTE-A.
A Type I Relay creates new cells, distinguishable and separate from the cells of the donor-eNB. To any legacy R8 UE, a Type I Relay will appear as an eNB, i.e. the presence of a Type I Relay in the communication path from the UE to the donor eNB is transparent to the UE. A Type I Relay is essentially an eNB that has a wireless in-band backhaul link back to the donor eNB by using an LTE(-A) air interface within the IMT spectrum allocation.
During RAN1#56bis, Type II Relay was included to complement the Type I Relay [2]. The defining distinguishing characteristic of a Relay Type II is that it doesn’t create any new cells (unlike a Type I Relay).

Based on the definition that a Type I Relay doesn’t have its own Physical Cell ID, and therefore doesn’t create any new cells, several resulting limitations and constraints with respect to the possibility of CRS and PDCCH transmissions from either RN and donor eNB amongst others were described during RAN1#57 [3-4].

The agreed way forward for Type II Relays in RAN1#57 states that the UE in the coverage area of a Type II Relay will receive the R8 PDCCH and CRS only from the (donor) eNB [5],
· RN transmitting and receiving by TDM in the same UL or DL band of eNB 

· For a relay facilitated Rel-8 UE within eNB PDCCH coverage 

· It should receive Rel-8 PDCCH/CRS only from eNB 

· It should be able to receive PDSCH transmissions facilitated by RN

· Performance is for further evaluation 

· Application of Type II RN to extend coverage of an eNB cell is FFS

Essentially, a Relay Type II does not forward the Rel-8 PDCCH/CRS from the donor eNB, but forwards the PDSCH transmissions using UE-specific RS. Therefore, a UE in the coverage area of a Type II Relay must also be within the PDCCH coverage area of the donor eNB. In consequence, a Type II Relay is a network node that attempts to improve average and/or per-UE achievable PDSCH throughput in areas where coverage is available by a (donor) eNB.

The same observation applies for COMP. A UE in COMP receives the PDCCH only from the serving eNB. The PDSCH(s) (and DRS or new Demodulation RS if needed) may be received from either one or more COMP transmission points.

Based on this we compare proposed Relay Type II techniques to the existing COMP categories in order to determine if some or all of the proposed Relay Type II techniques can be perceived as applicable to existing COMP categories, e.g. Joint Processing (Joint Transmission vs. Dynamic Cell Selection) and Coordinated Beamforming/Scheduling.
Section 3 lists existing COMP terminology and COMP categories, followed by a brief summary of several proposed transmission strategies in the context of Type II Relays including a comparison to applicable COMP categories.

3
Discussion
3.1 COMP categories

In COMP, the serving cell transmits the PDCCH assignments, e.g. a single cell which corresponds to the serving cell of in the sense of R8. COMP defines,

CoMP cooperating set: e.g. the set of (geographically separated) points directly or indirectly participating in PDSCH transmission to UE. Note that this set may or need not be transparent to the UE. 

CoMP transmission point(s): the point or set of points actively transmitting PDSCH to UE. CoMP transmission point(s) is a subset of the CoMP cooperating set.

CoMP measurement set: set of cells about which channel state/statistical information related to their link to the UE is reported as discussed in section 8.1.3. The CoMP measurement set may be the same as the CoMP cooperating set.

Existing CoMP categories break down into,

1. Joint Processing (JP):
Data is available at each point in CoMP cooperating set
(1a) Joint Transmission:
PDSCH transmission from multiple points (part of or the entire CoMP cooperating set) at a time. Data to a single UE is simultaneously transmitted from multiple transmission points, e.g. to (coherently or non-coherently) improve the received signal quality and/or cancel actively interference for other UEs.
CoMP transmission points are the points in the CoMP cooperating set.
(1b) Dynamic cell selection:
PDSCH transmission from one point at a time at every subframe.

This transmission point can change dynamically within the CoMP cooperating set.

2. Coordinated Scheduling/Beamforming (CS/CB):
Data is only available at serving cell (data transmission from that point) but user scheduling / beamforming decisions are made with coordination among cells corresponding to the CoMP cooperating set. There is only one CoMP transmission point, i.e. corresponding to the serving cell.
3.2 Type II Relay transmission schemes
This section provides an overview of the transmission schemes proposed for Type II Relays.

Both transparent and non-transparent Type II Relays are considered (where “transparency” is viewed from the UE’s standpoint).

Transparent means that the UE is not aware of the presence of the RN while non-transparent means that the UE is aware of the presence of the RN on its communication path to the (donor) eNB.

Transmission strategies that have been proposed for Type II Relays and that rely on the RN coverage area to overlap with the (donor) eNB coverage area are in many cases cooperative schemes. The assumption is made that the UEs within the coverage area of the RN can receive the control information, e.g. PDCCH from the eNB.

As indicated in the previous sections, transparent Type II relays cannot be used to forward the control channels, e.g. PDCCH. Thus, cooperative schemes can only be used for the data channels, e.g. PDSCH.
A key element of these cooperative schemes is the ability of the UE to estimate the effective channel for the eNB to UE link and/or the RN to UE link. Two cases can be distinguished, as follows:

· For Rel-8 UEs: because of R8 UE transparency, only a single channel estimate is available at the UE for the eNB to UE link

· For LTE-A UEs: effective channel estimation for both the eNB-UE and the RN-UE links is possible by using new demodulation reference signals (DMRS), thus requiring non-transparent mode of UE operation

Accordingly, proposed Type II Relay schemes are classified into transparent versus non-transparent schemes.

Some proposed schemes for transparent Type II relays are listed below.

Note that the implicit assumption is that the RN uses UE-specific RS for the PDSCH transmission. The use of UE-specific RS may or may not imply that beam-forming is used for the data. If applied, the UE-specific RS are beam-formed in the same way as the data transmission.

1. Simple-2-Hop-Scheme
A Transport Block (TB) intended for a UE is transmitted from the eNB to the RN in Hop 1. In Hop 2, the RN transmits the same TB to the UE, without cooperation from the eNB. It is assumed that the control information, e.g. PDCCH is transmitted directly from the eNB to the UE.
Both RN and donor eNB constitute the COMP cooperating set. The presence of the RN is transparent to the UE. The COMP measurement set consists only of the eNB (again because of UE transparency). In the first step, the RN receives the data from the eNB (UE is not listening). In the second step, the TB on PDSCH is transmitted to the UE from the RN as the other COMP transmission point assigned for the purpose of that transmission in the COMP cooperating set. Specific constraints with respect to the PDCCH/PDSCH transmission respecting legacy R8 format exist, e.g. PDCCH is sent by eNB and DRS must be used by the RN on PDSCH.

It is assumed that the COMP transmission point set can change on a per subframe basis, or at least a change of the COMP transmission point set is allowed for the re-transmission of the TB.
As by the existing COMP framework, such a scheme could be realized through Joint Processing / Dynamic Cell Selection.
2. Simple-Cooperative-Scheme [7]
A Transport Block (TB) intended for a UE is always transmitted from the eNB to the UE via the RN in two steps. The RN is always involved. In the first step, the donor eNB send the UE’s TB to the RN, while the UE is not receiving or attempting to decode this donor eNB transmission. In the second step, both the donor eNB and the RN together both transmit the TB to the UE, using the same MCS and the same time-frequency resources on PDSCH.
Both RN and donor eNB constitute the COMP cooperating set. The presence of the RN is transparent to the UE. The COMP measurement set consists only of the eNB (again because of UE transparency). The UE is not involved into the first transmission of the TB by the eNB to the RN in the first step. In the second step (initial transmission from the UE perspective), the TB on PDSCH is transmitted to the UE from two transmission points simultaneously, e.g. coherently, to improve the received signal quality and/or cancel actively interference for other UEs. The RN and the donor eNB constitute the two transmission points participating in this joint transmission to the UE. Specific constraints with respect to the PDSCH/DRS transmission respecting legacy R8 format exist, e.g. Joint Precoding.
It is assumed that making available the TB in the first step, e.g. sending it from the eNB to the RN is done through the COMP backhaul protocol, e.g. proprietary, that needs to ensure that data is available where needed in the COMP cooperating set.

As by the existing COMP framework, such a scheme could be realized through Joint Processing / Joint Transmission.

3. Multicast-Cooperative-Scheme [6]
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A Transport Block (TB) intended for a UE is transmitted from the eNB to the UE via the RN. The RN is involved in any eventually necessary re-transmission. In the first step, the donor eNB sends a TB on the PDSCH to the UE which attempts to decode this eNB transmission. The RN also attempts to decode this PDSCH. If a re-transmission of that TB is necessary, in the second step both the donor eNB and the RN re-transmit the same data to the UE simultaneously in the PDSCH, for example using the same MCS and the time-frequency resources on PDSCH.
Both RN and donor eNB constitute the COMP cooperating set. The presence of the RN is transparent to the UE. The COMP measurement set consists only of the eNB (again because of UE transparency). The UE will receive its first transmission of the TB only from the eNB in the first step as the single assigned transmission point. If a second step becomes necessary (re-transmission from the UE perspective), the TB on PDSCH is transmitted to the UE from two transmission points simultaneously, e.g. coherently, to improve the received signal quality and/or cancel actively interference for other UEs. The RN and the donor eNB constitute the two transmission points participating in this joint transmission to the UE. Specific constraints with respect to the PDSCH/DRS transmission respecting legacy R8 format exist, e.g. Joint Precoding.

It is assumed that making available the TB in the first step, e.g. sending it from the eNB to the RN is done through the COMP backhaul protocol, e.g. proprietary, that needs to ensure that data is available where needed in the COMP cooperating set.

It is assumed that the COMP transmission point set can change on a per subframe basis, or at least a change of the COMP transmission point set is allowed for the re-transmission of the TB.
As by the existing COMP framework, such a scheme could be realized through Joint Processing / Joint Transmission.

Hybrid schemes based on above, where the decision which re-transmission scheme or strategy is to be employed may be subject to UE location and/or channel or interference conditions or donor eNB scheduling decisions have also been proposed.

Some proposed schemes for non-transparent Type II relays are listed below.

Note that the implicit assumption is the UE can estimate the effective channel for the RN to UE link and the eNB to UE link. Access to these two different channel estimates enables the following cooperative schemes,
4. Distributed Tx Diversity / Distributed Spatial Multiplexing Scheme [9]
This scheme can be perceived as extension (or refinement) to the previously described Simple-Cooperative-Diversity and Multicast-Cooperative schemes. The basic difference with respect to these two schemes is the transmission mode chosen for the second step based on knowledge of both the RN to UE and eNB to UE channels, e.g. by dropping the transparency assumption. In the second step, when PDSCH re-transmission becomes necessary, the donor eNB and the RN can use some form of distributed Tx Diversity or distributed Spatial Multiplexing, e.g. they can choose different or optimized transmission formats or redundancy version of the TB. In the case of distributed Tx Diversity, for example distributed (across RN and donor eNB antenna ports) SFBC would be used. In the case of distributed spatial multiplexing, the donor eNB and the RN can send different spatial layers. The UE would combine the soft bits from the first transmission (if available as part of the first step transmission strategy) with the two sets of soft bits obtained from the re-transmission.
Both RN and donor eNB constitute the COMP cooperating set. The COMP measurement set consists of the eNB and the RN (because the assumption of UE transparency is dropped). The UE will receive its first transmission of the TB only from the eNB in the first step as the single assigned transmission point. If a second step becomes necessary (re-transmission from the UE perspective), the TB on PDSCH is transmitted to the UE from two transmission points simultaneously. The RN and the donor eNB constitute the two transmission points participating in this joint transmission to the UE. PDSCH transmission can make use of the R10 Demodulation RS and/or Joint/Disjoint Precoding.

It is assumed that making available the TB in the first step, e.g. sending it from the eNB to the RN is done through the COMP backhaul protocol, e.g. proprietary, that needs to ensure that data is in the COMP cooperating set.

It is assumed that the COMP transmission point set can change on a per subframe basis, or at least a change of the COMP transmission point set is allowed for the re-transmission of the TB.
As by the existing COMP framework, such a scheme could be realized through Joint Processing / Joint Transmission
The following Network Coding scheme [8] proposed in the context of Type II Relays falls into a special category, not captured by any of the above. First, it is applicable to the UL, whereas all previous schemes were specific transmission strategies for the DL direction (donor eNB to RN to UE). Second, the proposal is a form of Un backhaul improvement through the application of network coding principles.

5. Network Coding [8]
When M UE’s are being served by a RN, in a conventional mode of UL operation, the RN individually receives and decodes data from the UEs carried on PUSCH(s), and then forwards these independently to the eNB. In a network coding application, once the RN decodes the data from these M UEs, it combines the M streams using a network coding approach, for example using Galois field arithmetic and then sends the coded streams to the donor eNB jointly.
There is no equivalent for such a proposed method in the existing COMP framework (which is DL COMP).
4
Conclusions and Recommendations
The comparison of several technical proposals suggested in the context of Type II Relays to the existing COMP categories is summarized in Table 1.
Based on this comparison we suggest that the Type II Relay definition may not be necessary in its present form, e.g. “no distinct Cell ID” and no other distinguishing technical characteristic compared to a Type I Relay.
We propose to consider that at least a significant portion of technical proposals put forward in the context of Type II Relays may well be captured by the technical framework provided and already endorsed through the existing COMP categories.

	
	Type II Relay
	CoMP

	Use case
	Throughput enhancement
	Throughput enhancement

	PDCCH transmission
	From donor eNB only
	From serving eNB only

	Cell ID same or distinct
	No distinct PCID
	Both distinct and no distinct PCID’s (depending on COMP scheme)

	Protocol stack
	L2 (e.g. PDCP or below in U-plane)
	L0-L3 (e.g. anything in the range from RF heads to eNB)

	Backwards compatibility
	Required
	Required

	Technical proposals
	2. Simple Cooperative Diversity Scheme
3. Multicast Cooperative Scheme
	Joint Processing: Joint Transmission

	
	4. Distributed Tx Diversity / Distributed Spatial Multiplexing Schemes
	

	
	1. Simple 2-Hop Scheme
	Joint Processing: Dynamic cell selection

	
	(No equivalent)
	Coordinated Scheduling / Beamforming

	
	5. Network Coding
	(No equivalent)


Table 1: Type II Relay and COMP comparison
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