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1 Discussion
1.1 Downlink control design related topic for inband relay
I tried to list proposed R-PDCCH designs according to the input in the last meeting as the following table.

Table 1. Summary of R-PDCCH design
	Option 
	RS
	R-PDCCH region
	"A PRB pair" contains(*)
	Interleaving across PRBs
	Usage of remaining OFDM symbols in case of FDM+TDM

	1
	Precoded/non-precoded RS
	FDM+TDM
	A full single or part of a single R-PDCCH
	No
	R-PDSCH to same RN as R-PDCCH

	2
	Precoded/non-precoded RS
	FDM+TDM
	a part of R-PDCCH
	Yes, across a few PRBs
	R-PDSCH to same RN as R-PDCCH

	3
	Precoded/non-precoded RS
	FDM
	A full single or part of a single R-PDCCH
	No
	-

	4
	Precoded/non-precoded RS
	FDM
	a part of R-PDCCH
	Yes, across a few PRBs
	-

	5
	Precoded RS
	FDM+TDM
	a few R-PDCCHs to a single RN
	Yes, across a few PRBs
	Same RN as R-PDCCHs

	6
	Precoded RS
	FDM
	a few R-PDCCHs to a single RN
	Yes, across a few PRBs
	-

	7
	Precoded RS

DM-RS sequence--CCE linkage
	FDM
	a few R-PDCCHs

No RN restriction
	Yes, across a few PRBs
	-

	8
	Precoded RS

Best-effort beam choice
	FDM
	a few R-PDCCHs

RNs with close spatial directions
	Yes across a few PRBs
	-

	9
	Non-precoded RS
	FDM+TDM
	a few R-PDCCHs
	Yes, across a few PRBs
	No RN restriction

	10
	Non-precoded RS
	FDM
	a few R-PDCCHs
	Yes, across a few PRBs
	-


- Intra-R-PDCCH interleaving and intra-PRB interleaving don't make the difference as the option to choose for now. So I didn't list them separately.
- Non-precoded RS may be CRS and precoded RS may be DM-RS. It depends on the need of new RS design.
- In option 1, 2, 3 and 4, the design would not be different between precoded RS and non-precoded RS. Therefore, I merged.

- (*) in case of "TDM+FDM", full "a PRB pair" is not be utilized. "A few R-PDCCHs" means also a part of a few R-PDCCHs.
- "DM-RS sequence to CCE linkage" means one sequence of DM-RS is linked to specific REs of the same CCE in a PRB pairs. It is not necessary to be spatial multiplexing but not necessary to exclude such discussion now.

Question 1: Does above table include your proposal? If it is not listed, could you provide it?
	IDCC
	We prefer Option 1.

	ZTE
	We prefer Option 9 (see R1-100975 and R1-100973).

	ALU/ASB
	ALU/ASB support Option 3.

	LGE
	In options 3, 4, and 6, is it possible to multiplex R-PDCCH and R-PDSCH of the same RN within a single PRB-pair? If so, what would be their difference from options 1, 2, and 5?

	NEC
	We prefer option 3 and option 10.
For Frequency Selective (FS) R-PDCCH transmission [See our tdoc R1-101320], we prefer option 3. Note that in case with PRB aggregation [See our tdoc R1-101321] (e.g. several DCI formats are assigned for a given Relay node), interleaving across PRBs can be applied for intra relay node (i.e. R-PDCCH) interleaving. 
We think that the difference between option 4 and option 3 is only inter relay node (i.e. R-PDCCH) interleaving in frequency domain can be applied or not. If it is correct understanding and option 4 may include option 3 (i.e. no inter relay node interleaving in frequency domain), we will be able to prefer option 4 for FS R-PDCCH transmission. 

On the other hand, for Frequency Diversity (FD) R-PDCCH transmission [See our tdoc R1-101320], we prefer option 10. Note that the interleaving across DCI Formats for a given Relay node can be applied for intra relay node (i.e. R-PDCCH) interleaving. 

	LG-Nortel
	We prefer option 9.



	Motorola
	Our understanding of 1, 2, and 5 (and 9?) is that R-PDCCH occurs in available symbols of first slot of PRB pair and symbols of second slot contains part of R-PDSCH of same RN as R-PDCCH.

	Qualcomm
	We prefer FDM based R-PDCCH design, as detailed in our contribution R1-101496. DM-RS based R-PDCCH demodulation is preferred, as detailed in our contribution R1-101498. 

DM-RS may be precoded or may be not, depending on the number of relaying nodes the DM-RS is used for. From the RN perspective, whether DM-RS is precoded or not is transparent. Obviously, when there is only one RN associated with the DM-RS, maximum precoding gain can be achieved. As the number of RNs per DM-RS increases, the precoding gain decreases and evetually may vanish (non-precoded). 

In terms of interleaving, we would prefer to interleave multiple R-PDCCHs together so as to achieve some diversity gain across multiple PRBs. When there are a large number of PDCCHs, we think that a given R-PDCCH can be interleaved across a limited number of PRBs since interleaving gain is quite limited beyond that point. As a result, our preference is for the partial interleaving option.

	Huawei
	Yes: option 9 as long as the non-precoded RS is a CRS. This way, the design of Rel-8 can be reused. Note that since the channel changes slowly in frequency, MIMO techniques can be used quite efficiently, even with a CRS.

	NNSN
	We think Option 1 will be essential, Options 2, 5 and 9 are considered depending on the scenario.

	ETRI
	We prefer Option 1 and Option 9

	Panasonic
	Our proposal is option7 in both MBSFN and normal subframes and option10 in normal subframes.

	Samsung
	As detailed in R1-101194, we are neutral for TDM/FDM hybrid and pure FDM for R-PDCCH multiplexing, though we slightly prefer option 1 and 2 TDM/FDM structure. Regarding usage of remaining OFDM symbols in case of FDM+TDM, we prefer no RN restriction. We think both precoded and non-precode RS can be used for R-PDCCH. For interleaving, we prefer CCE-level interleaving to REG-level interleaving. To elaborate on interleaving across PRBs in case of TDM/FDM hybrid, one PRB in the 1st slot can be occupied by a single CCE and when an R-PDCCH needs multiple CCEs, the R-PDCCH can be transmitted over multiple PRBs.



	Ericsson
	We prefer option 4 (second preference to option 3)


Summary:
No new option was proposed. Summary for question 1 is also included in the summary for question 2.
Question 2: Could you provide your thinking on the proposals including pros and cons? 
	IDCC
	The main advantage and reason why we prefer Hybrid FDM+TDM is lower decoding latency compared to FDM. We estimate that this approach is more flexible by allowing the remaining OFDM symbols (if any) to be used for the R-PDSCH. Additionally, the use of the frequency-first mapping of the R-PDCCH would allow for dynamic adjustment of the control channel span in time domain.

	ZTE
	In Option 9:

Non-precoded RS (further explanation seen in the answer to Question 3):

Pros: simpler processing which does not rely on spatial CSI feedback per RN, efficient transmission especially when the semi-static resource allocation of R-PDCCH cannot keep up with the fast fading of backhaul channel

Cons: cannot get the potential gain from precoding
FDM+TDM:

Pros: shorter decoding latency, more efficient resource utilization, and more frequency diversity gain in NLOS channel (see R1-100975)

Cons: scheduling constraints on macro UEs if the number of OFDM symbols for R-PDCCH is too small, e.g., <2
Interleaving across a few PRBs:

Pros: more frequency diversity gain in NLOS channel

Cons: difficult to support precoding for R-PDCCH


	ALU/ASB
	No interleaving is required. The R-PDCCH should be designed for inband relaying only.  The inband relay is feasible for fixed backhauling with static or infrequent change of backhauling radio link and therefore interleaving is not necessary.
FDM is preferred although for the case of FDM across all symbols, FDM+TDM can be supported. Both CRS and DMRS should be supported based on the configuration of transmission mode.


	LGE
	Related discussions are provided in R1-101358.

1: Preferred. Negligible performance degradation due to the restriction on PDSCH allocation.

2: Preferred. Negligible performance degradation due to the restriction on PDSCH allocation.

3: Excessive amount of REs to a single R-PDCCH.

4: Excessive amount of REs to a single R-PDCCH.

5: Preferred. Negligible performance degradation due to the restriction on PDSCH allocation.

6: Excessive amount of REs to a single R-PDCCH.

7: No frequency selective scheduling, possibility of resource waste (but mitigated in comparison with 3, 4, and 6), complicated linkage between DM-RS sequence and CCE

8: No frequency selective scheduling, possibility of resource waste (but mitigated in comparison with 3, 4, and 6), lowered beamforming gain

9: Signalling issue in allocating the remaining OFDM symbols, no beamforming gain.

10: No frequency selective scheduling, no beamforming gain, possibility of resource waste (but mitigated in comparison with 3, 4, and 6)


	NEC
	Option 

Pros 

Cos

3 for FS R-PDCCH transmission

- Possible to get frequency selectivity gain by basically non-interleaving in frequency domain. 

- It will be suitable for fixed relay node.

- Flexible for PRB resource and power sharing between R-PDCCH and Rel’8 UE’s PDSCH
- It does not require a new definition how to reuse the resources that are not used for R-PDCCH within the semi-statically assigned PRBs.
- Some resources may still be empty in the PRB(s) if DCI format is small in size.
- It will not be suitable for mobile relay node.. 
- Decoding delay for the R-PDSCH as the R-PDCCH spans to the end of the subframe.
10 for FD R-PDCCH transmission

- Possible to get frequency diversity gain by interleaving in frequency domain. 
- It will be suitable for both mobile and fixed relay node.

- Flexible for PRB resource and power sharing between R-PDCCH and Rel’8 UE’s PDSCH
- It does not require a new definition how to reuse the resources that are not used for R-PDCCH within the semi-statically assigned PRBs.
- Some resources may still be empty in the PRBs if number of relay nodes is small. 
- Decoding delay for the R-PDSCH as the R-PDCCH spans to the end of the subframe.


	LG-Nortel
	· Common with respect to features
Categories

Merits

Demerits

No Interleaving 

Simple 

No interleaving means no diversity gain, consequently some of robustness will be lost. We believe the robustness is more important than SNR gain in control channel design.
Interleaving

Diversity Gain and robustness 
It is not clear on how to signal the size of interleaving. There should be a specific signaling for interleaving size. This signaling should be control overhead so it is helpful to explain how this signaling is to be accomplished. Otherwise, too much blind decoding overhead should incur.
FDM
No restriction on (R-)PDSCH allocation
FDM incurs a little more delay and higher control channel overhead (wastage) since it has bigger base unit (almost full PRB pair while a little over half PRB in FDM+TDM). Lower diversity than FDM+TDM
Precoded

Beamform is feasible and lower wastage in R-PDCCH allocation *
R-PDSCH region is restricted to the same relay. This scheme should go with DCI0 for ACK/NACK, then overhead increases. 

Non-precoded

No R-PDSCH restriction
Beamform gain is not feasible 

* Possible low wastage in R-PDCCH allocation. But the gain in wastage depends on how good the channel without beamforming originally is. The gain should be minimal if the channel is already good and the size of control region is fixed. It needs to be quantified.

· Specific to proposed options

Option 

Merits 

Demerits
1

Beamforming can be used, Less blind decoding burden. 

High overhead and limitation in R-PDSCH allocation. It may not completely true that every R-PDCCH needs only a single minimum relay control region.. 

2

Beamforming can be used, so possible low wastage in R-PDCCH allocation.
Even higher overhead and limitation in R-PDSCH allocation. This scheme should go with DCI0 for ACK/NACK, then overhead increases. 
3

More flexible than 1.
High blind decoding burden
4

Only a relay needs multiple of R-PDCCHs. 
High overhead
5

Only a relay needs multiple of R-PDCCHs but questions is Such cases do not frequently occur
Too high overhead in control channel allocation when a relay does not need multiple R-PDCCHs.
6

Too high overhead in control channel allocation when a relay does not need multiple R-PDCCHs. 
7

8

Beamforming gain and diversity as well. But question is how much and how effective.  
Difficult to choose beam weights. Questionable how effective it will be. The number of relays that belong to the same beam is seemingly very low since relay is supposed to be reasonably spread in a cell. Then, the control channel overhead is going to be rather high. It also needs signaling to indicate interleaving size to be effective.     
9

Low wastage when the number of relays are high (>10). High diversity gain allows mobility in relay. High flexibility : any common R-PDCCH and any ACK/NACK scheme can be allowed  

Signaling to indicate the size of control region is needed. This signaling overhead definitely has effect when the number of relays is rather low (<5).  

10

High diversity gain allows mobility in relay. High flexibility : any common R-PDCCH and any ACK/NACK scheme can be allowed. 
The same with 9 


	Motorola
	1) Preferred. FDM/TDM with R-PDCCH in first slot of subframe enables early decoding of control channels like Rel-8 control and lower latency enables low UL HARQ RTT. 
2) Preferred. FDM/TDM with R-PDCCH in first slot of subframe enables early decoding of control channels like Rel-8 control and lower latency enables low UL HARQ RTT.
3) Excessive amount of REs to a single R-PDCCH -- especially for frequency diverse allocation.

4) Excessive amount of REs to a single R-PDCCH -- especially for frequency diverse allocation.

5) Prefer separate R-PDCCH (as in 1, 2) for simplicity. FDM/TDM with R-PDCCH in first slot of subframe enables early decoding of control channels like Rel-8 control and lower latency enables low UL HARQ RTT.
6) Excessive amount of REs to a single R-PDCCH. 

7) No frequency selective scheduling, possibility of resource waste (but mitigated in comparison with 3, 4, & 6), complicated linkage between DM-RS sequence and CCE

8) No frequency selective scheduling, possibility of resource waste (but mitigated in comparison with 3, 4, & 6), lowered beamforming gain

9) Signalling issue in allocating the remaining OFDM symbols, no beamforming gain. FDM/TDM with R-PDCCH in first slot of subframe enables early decoding of control channels like Rel-8 control and lower latency enables low UL HARQ RTT.

10) No frequency selective scheduling, no beamforming gain, possibility of resource waste (but mitigated in comparison with 3, 4, and 6)


	Qualcomm
	We view FDM based R-PDCCH design has several advantages:

· Seamless multiplexing with PDSCH for legacy UEs as well as LTE-A UEs and relays. 

· No need to design a new relay-specific PDSCH channel to occupy the unused portion of the RB. No need to design DM-RS for this new relay-specific PDSCH.

· As a result of using DM-RS, ability to obtain precoding gain for R-PDCCH when a small number of relays are being scheduled.

· We do not believe that processing time is a strong concern in the case of relay nodes, and in any case the processing time benefits that can be obtained are much smaller as compared to Rel 8 LTE (since the R-PDCCH lasts at least until the end of the first slot in most company proposals). Furthermore, the R-PDCCH can be confined to a small number of RBs which the relay should be able to decode quite fast (given that it is sized to demodulate 20MHz).

One of the concerns raised regarding the FDM design is that there may not be sufficient diversity in case only one or a small number of relay nodes needs to be assigned (ie one PRB case). However, we demonstrated in R1-101496 that the power overhead of supporting one PDCCH in such a scenario is very small inspite of the low diversity level. If more PDCCHs need to be sent, of course a higher diversity level can be obtained.



	Huawei
	We prefer an FDM+TDM solution. However, we see FDD as a subcase of FDD+TDD and do not see the need to exclude FDM. For precoded RS, we anticipate the R-PDCCH to be small most of the time and the eNB to RN channel to be relatively flat in frequency and time, thus the gains of using DM-RS over CRS for the system performance still needs to be shown.



	NNSN
	[NNSN] Option 1 supports frequency domain scheduling of R-PDCCH and R-PDSCH for both DMRS and CRS usage. 

The other options (2, 5 and 9) can be useful in case of outdated channel state information at the DeNB, varying R-PDCCH sizes or for UL grants e.g.:

Option 9 for UL grants and small R-PDCCH size or outdated channel state information

Option 2 for large R-PDCCH sizes

Option 5 for sending both DL and UL grant to a single RN

We prefer FDM+TDM because of decoding latency. R-PDCCH can always be located in the same symbols no matter how many symbols are accessible for relays.



	ETRI
	We slightly prefer FDM+TDM. Either Option 1 or Option 9 can be used depending on the deployment scenarios. When most of UEs in donor eNB are Rel-8/9, Option 9 is used. Option 1 is used, when most of UEs in donor eNB are Rel-10/later. 

	Panasonic
	· RS
Both CRS and DM-RS are supported.
· Option 10 is used when eNB does not support DM-RS. Option 10 is also used when the majority of the backhaul subframes at the donor eNB is normal subframe, i.e. the majority of UEs in a cell is Release 8 or 9. The scheduler of eNB has restriction that eNB assigns only normal subframes for backhaul subframe.
· Option 7 is used when the system is utilizing beamforming gain or spatial multiplexing gain of R-PDCCHs. Option 7 is also used when majority of the backhaul subframes at the donor eNB is MBSFN subframe, i.e. the majority of UEs in a cell is Release 10 or later. In addition, it is also used when the backhaul for a RN is required to support both normal and MBSFN subframes.
· R-PDCCH region
R-PDCCH regions are only FDM. Although FDM+TDM has some benefit of the delay reduction, it is difficult to utilize the remaining OFDM symbols in a PRB pair efficiently in several conditions. As an additional merit of only FDM, power sharing can be easily supported since the power of R-PDCCH can be constant during a subframe.
· Interleaving
Interleaving is among a restricted number of R-CCEs, which are located only in a few RB pairs (first and second slot). We denote this as partial interleaving. The R-CCE size is a quarter of the number of available REs in a RB pair. So depending on the number of available REs in a RB, the R-CCE size is variable. It is efficient to re-use RBs in this approach if few R-PDCCHs need to be transmitted in a subframe.


	Samsung
	TDM/FDM can allow low decoding latency and reduce the required buffer size for R-PDSCH compared to the FDM approach. On the other hand, the pure FDM can support cleaner PRB-wise multiplexing of R-PDCCH with PDSCH and R-PDSCH. But if multiple R-CCEs are multiplexed into one PRB and some of those R-CCEs are not assigned to any RN, the pre-configured PRB is not fully utilized and some resources are left unused and wasted.


	Ericsson
	FDM Multiplexing

· RS reuse (CRS for antenna port 0 and 1 and DM-RS, OCC=4 are critical with TDM+FDM)

· Straightforward PDSCH reuse
· Minimum number of RBs blocked for macro UEs 

· Allows for frequency diversity gains if the set of RBs for R-PDCCH is distributed, which can be configured by higher layers if necessary
Sharing of RBs by several R-PDCCHs and interleaving R-PDCCHs
· Allows for efficient resource utilization 
· No-interleaving can be configured as a special case if number of R-PDCCHs in a configured control region equals one

Demodulation based on CRS & DMRS 
· CRS avoids additional overhead in terms of used REs and in terms of implementation complexity when CRS is anyway implemented at and transmitted by the eNB
· eNB can configure to use DMRS for advanced antenna transmissions and MBSFN subframes at eNB


Summary:
Company's position for options seems following.
	Option 1
	IDCC, NNSN, ETRI, LGE, Motorola,

	Option 2
	NNSN, LGE, Motorola, 

	Option 3
	ALU/ASB, NEC

	Option 4
	Ericsson

	Option 5
	NNSN, LGE, Motorola, 

	Option 6
	

	Option 7
	Panasonic

	Option 8
	

	Option 9
	ZTE, LG-Nortel, Huawei, NNSN, ETRI, 

	Option 10
	NEC, Panasonic


Rapporteur proposes following:

To check whether following is agreeable:

- To exclude option 6 and 8. 
- Not to add new options
- To discuss further especially choosing between FDM+TDM or FDM as priority. Especially, what kind of problem is identified and what kind of solution is proposed.
Question 3: Do you see the need of new DM RS, or non-precoded RS in MBSFN subframes, for the sole purpose of eNB-to-RN channel demodulation for R-PDCCH?
	IDCC
	We believe this question should be left open for further evaluation.

	ZTE
	Yes. Two types of such RS are envisioned (see R1-100974 and R1-100973):

1. Non-precoded CRS in partial BW: 

Present only in PRBs occupied by R-PDCCH, where Rel-8 CRS pattern can be partially reused. 

Pros: no extra overhead of RS in normal subframes, e.g., no DM RS needed

Cons: different channel estimation qualities between in normal subframes and in MBSFN subframes, especially when R-PDCCH resource allocation is frequency distributed 

2. Non-precoded DM RS: 

Rel.9/10 DM RS pattern could be the baseline with possible further optimization for the backhaul channel. 

Pros: Same channel estimation quality between normal subframe and MBSFN subframe

Cons: extra overhead of RS in normal subframes, e.g., in addition to Rel. 8 CRS 



	ALU/ASB
	Reuse of Rel-10 DM RS. 

	LGE
	Rel-8 CRS and Rel-10 DM RS are enough. For DL timing Case 1 and Case 2, R-PDCCH is demodulated with Rel-8 CRS or Rel-10 DM RS according to the configuration by eNB. The baseline operation is that Rel-8 CRS is used in a normal subframe and Rel-10 DM RS is used in a MBSFN subframe. If it is necessary to change the backhaul subframe type in the macro eNB’s side depending on the Rel-8/9 macro UE’s population, then it is also possible to demodulate R-PDCCH with DM RS even in a normal subframe. CRS is nothing but overhead in this operation, but, according to our simulation results in R1-101360, the performance of DM RS based operation with CRS overhead is comparable to that of CRS based operation.

If DL timing Case 3 is introduced, DwPTS DM RS pattern can be used instead of the normal subframe pattern.

So, we do not see a strong reason to define a new DM RS or a non-precoded RS in MBSFN subframes.



	NEC
	For non-precoded RS, basically CRS is preferred for FD and non-precoded FS R-PDCCH transmissions.  The performance of Rel’8 CRS should be considered and if not enough, new non-precoded RS will be necessary. We think some further evaluation is necessary before making a decision.

For new DM RS, basically Rel’10 DM RS is preferred for precoded FS R-PDCCH transmission. Only if the last OFDM symbol of Rel’10 DM RS can’t be used, new DM RS pattern will be necessary. 



	LG-Nortel
	Non-precoded RS in MBSFN subframe can be used.

	Motorola
	We think existing Rel-10 DM RS can be used. We also think existing Rel-8 CRS can be used but assume for the case of 2 and 4 Tx antenna eNB that SFBC is used for R-PDCCH with demodulation based on antenna 0 and 1 CRS.  We also assume CRS in 1st symbol of second slot can also be used for (FDM+TDM) R-PDCCH demodulation (besides 5th symbol of 1st slot).

	Qualcomm
	For the baseline DL backhaul timing design, as detailed in our contribution in R1-101500, no new DM-RS design is necessary. DM-RS design for the regular subframes can be readily reused. It’s FFS whether other DL backhaul timing design should be supported or not, and if so, whether new DM-RS design is needed or not. As to RS, as stated earlier, we prefer DM-RS based design and whether DM-RS is precoded or not is transparent to RNs.

	Huawei
	This point is FFS. Due to the small variations in time of the DeNB to RN channel, DM-RS may not be needed.

	NNSN
	We prefer to reuse CRS and DMRS as defined in R8/R10.

	ETRI
	We prefer to reuse existing CRS or DM-RS as much as possible. Non-precoded RS needs to be defined in MBSFN subframe. The non-precoded RS has the same pattern as CRS in Rel-8, but it is transmitted only in the PRBs semi-statically assigned for R-PDCCH transmission.

	Panasonic
	We prefer the design without introducing new DM-RS and new non-precoded RS in MBSFN subframe. Rel 10 DM-RS can be reused for Un link with DL timing alignment of Case 1 and Case 2 from the WF of the last meeting (based on R1-100807). In non-precoded RS case (option 10), the scheduler of eNB has the restriction that eNB assigns only normal subframes for backhaul subframe.

	Samsung
	We prefer to reuse Rel-10 DM RS pattern in MBSFN subframe and FFS for intruducing non-precoded RS in MBSFN subframe. 

	Ericsson
	We prefer to reuse CRS and DMRS as defined in R8/R10.


Summary:
Majority view seems to base existing Rel-10 DM RS and Rel-8 CRS.
Rapporteur proposes following:

- To check whether following is agreeable:

- Baseline is Rel-10 DM RS and Rel-8 CRS in normal subframes and Rel-10 DM RS in MBSFN subframes. - Baseline may be modified depending on RAN4 response on the timing.
Question 4: Do you see the need of R-PHICH?

	IDCC
	Primarily, we do not see a need for R-PHICH. This is because we don’t see much need to support a non-adaptive HARQ mode of operation for the RN. However, for Un operating under poor (or not in deployment-optimized) channel conditions, where the typical UL BLER numbers are higher, we may want to leave the possibility to have an R-PHICH (or equivalent signalling mechanism) open for further evaluation. 

	Fujitsu
	The answer could depend on R-PHICH design and UL backhaul HARQ principle. At present, we don’t think R-PHICH is needed. 

	ZTE
	Yes, R-PHICH should be supported for the following reasons (see R1-100971):

1. Reduced overhead per RN when BLER after the first HARQ of UL backhaul transmission is higher than 1~2%

2. Total overhead across RN is more manageable when the number of RNs per donor cell is large. 

3. Simpler receiver processing for decoding ACK/NACK from R-PHICH, than decoding R-UL grant from R-PDCCH

4. R-PHICH would not impose significant constraints on HARQ operations on backhaul link and access link. For FDD, synchronous HARQ (RTT of 8ms or 16 ms) can be accommodated on backhaul uplink. For TDD, subframe offset for ACK/NACK feedback can be carried in R-PHICH to fit TDD subframe structures. 

5. Little room for UL-grant based asynchronous HARQ in UL backhaul, given the semi-static nature of the backhaul subframe allocation.


	ALU/ASB
	Yes, we support R-PHICH.

	LGE
	No. Adaptive retransmission is enough in the backhaul link.

	NEC
	FFS.

	LG-Nortel
	Generally speaking it is more beneficial to have R-PHICH than not to have. More specifically R-PHICH has definitely more advantage in case of high number of relays (>8) because more overhead will be incurred when using DCI0 for HARQ ACK/NACK. Furthermore UL grant may not appear in every DL backhaul subframe for RN. It is FFS on whether R-PHICH as legacy PHICH or new R-PHICH will be adopted. 



	Motorola
	No. Backhaul HARQ information can be included in R-PDCCH.

	Qualcomm
	As detailed in R1-101497, while we do see some benefits from the introduction of R-PHICH, these benefits would be reduced if asynchronous H-ARQ is introduced in relaying backhaul. Therefore, we recommend discussing R-PHICH introduction in conjunction with UL H-ARQ operation of relays.

	Huawei
	We think that R-PHICH is needed. Otherwise, when no data needs to be transmitted, the ACK/NACK have to be sent on PDCCH(s). The PDCCH may not be present on every frame due to e.g., semi-persistent scheduling. Furthermore. Since the backhaul link is quite stable, it is unlikely that the allocation for the retransmission needs to be on the different allocation than the initial one.



	NNSN
	We think that R-PHICH is not needed

	ETRI
	No need of R-PHICH. 

	Panasonic
	R-PHICH is not necessary.
In Release 8, the significance of PHICH is either to trigger a non-adaptive retransmission (PHICH=NACK) or to suspend transmissions for the HARQ process until an PDCCH for the same HARQ process is received (PHICH=ACK). It should be noted that the content of the PHICH is ignored if it coincides with the reception of a PDCCH.


	Samsung
	We are not convinced about the need for R-PHICH. We consider that UL grant by R-PDCCH can indicate ACK/NACK implicitly for the corresponding R-PUSCH and replace R-PHICH.

	Ericsson
	No, see R1-100865

	
	


Summary:
R-PHICH
Needed:
IDCC for poor channel condition, ZTE, ALU/ASB, LG-Nortel, Huawei,
Not needed:
IDCC, Fujitsu, LGE, Motorola, NNSN, ETRI, Panasonic, Samsung, Ericsson
FFS:

NEC
Depend on uplink HARQ operation:
Qualcomm
Rapporteur proposes following:

- To check whether following is agreeable:

Working Assumption: No support of R-PHICH
Question 5: Do you see the need of control channel like DCI format 3/3A? What kind of DCI formats need to be supported for the backhaul?
	IDCC
	We see a need to support DCI F3/3A for the RN if UL SPS-based Un allocation mechanisms are supported. We don’t necessarily see a need to support all R8 DCI Formats for the Un. Primary consideration should be which Transmission Modes need to be supported by the RN. Furthermore, we think that R8 should constitute the design baseline, but support of additional Transmission Modes and DCI’s as introduced by R9 or R10 need to be considered separately.


	ZTE
	Rel-8 DCI formats should at least be supported, with possible support for Rel-9/10 transmission modes or new modes. Depending on the specific choice of multiplexing (FDM vs. TDM+FDM) and precoding schemes (un-precoded or precoded) for R-PDCCH, not all Rel-8/9/10 DCI formats need to be supported.


	ALU/ASB
	No support of DCI format 3/3A is needed.


	LGE
	We do not see a reason to introduce RN’s power control based on DCI format 3/3A. 

	NEC
	FFS.

	LG-Nortel
	It looks like DCI 3/3Ais not needed. FFS on others.

	Motorola
	We do not see a reason to introduce RN’s power control based on DCI format 3/3A.

	Qualcomm
	We see the need for format 3/3A, since it could be used to power control relays. Other DCI formats can be FFS.

	Huawei
	Whether DCI format 3/3A should be supported is FFS. The system gains of using format 3/3A need to be quantified.

	NNSN
	3/3A is needed for periodic UL transmissions (SPS, SRS, CQI) when channel conditions change. 3/3A is not needed for stationary RNs.

	ETRI
	FFS.



	Panasonic
	· RN behaves as type 1 relay
Our position is type 1 relay is for stationary usage and the mobile relay is supported by outband relay. The reason is type 1 relay has difficulty for inter-frequency measurements and time-alignment of multiple RNs in the uplink. Therefore, for type 1, the main usage channel would be rather stationary. Then we are rather negative to the need of using the TPC command by DCI format 3/3A. At least a DCI format 1/1A/2B equivalent is supported in order to indicate transmission mode 1, 2 and 8 equivalent of R-PDSCH. DCI format 0 equivalent should also be supported in order to indicate R-PUSCH. As we don't expect paging, system information, or RACH response is required during regular RN operation, we don't see the need of supporting DCI format 1C for the backhaul currently.
· RN behaves as UE
RN should support all DCI formats supported by UE.



	Samsung
	FFS

	Ericsson
	FFS

	
	

	
	


Summary:
DCI format 3/3A

Needed:
IDCC (depend on UL SPS based allocation), ZTE, Qualcomm, NNSN for non-stationary RNs, 
Not needed:
ALU/ASB, LGE, LG-Nortel, Motorola, Panasonic,
FFS:

NEC, Huawei, ETRI, Samsung, Ericsson
Other DCI formats are rather FFS at this phase.
Rapporteur proposes following:

- To check whether following is agreeable:

Design for the WI should target only stationary Relay Nodes.

- To check whether following is agreeable:

DCI format 3/3A is supported or not.
Question 6: What is your view to use PDCCH as inband operation?

	IDCC
	We think that use of R-PDCCH is the most practical signaling mechanism for inband Relays allowing a cost-effective solution, but acknowledge that in certain cases the use of PDCCH is possible even in-band.

	Fujitsu
	Some advanced relays with e.g. self-interference canceller or sufficiently separated relay-link and access-link antenna might not need R-PDCCH, but Rel’8 PDCCH instead.

	ZTE
	In general, the associated timing advance has the following issues:

1. Significant interference in TDD 

2. Inefficient backhaul resource utilization, e.g., the last few OFDM symbols in a subframe are punctured

3. Impact on DM RS based channel estimation with the last few OFDM symbols being punctured

	ALU/ASB
	Not available. Especially for TDD mode.

	LGE
	Inband operation should be based on R-PDCCH.

	NEC
	We prefer to support the reuse of PDCCH for full duplex inband operation if there is sufficient isolation between backhaul link (Un) and access link (Uu). 
For half duplex inband operation, it is not preferred to create timing offset between backhaul link and access link in order to reuse PDCCH mechanism for relays (CASE 4 of the DL timing e-mail discussion).   

	LG-Nortel
	There are some occasions where no or very little self interference exist such as isolated area (basement) or well separated by directional antennas even though the same frequency is used. In these occasions Rel-8 PDCCH can be used as means of R-PDCCHs since concurrent transmission and reception is possible at RN. But eNB should be aware of such statuses of RNs.

	Motorola
	We do not think use of Release 8 PDCCH should be precluded for inband operation.

	Qualcomm
	Our understanding is that the use of R-PDCCH is necessary in any case where the relay node is unable to receive and transmit simultaneously on the access and backhaul link DL. In other words, a half-duplex relay uses the R-PDCCH whereas a full-duplex relay may use the existing PDCCH. Note that full-duplex relays may be implemented even when eNB-RN and RN-UE links are in the same frequency; of course this will have (potentially significant) impact on the cost. Similarly, half duplex relays may be needed even when different frequencies are used for the backhaul and access links. For example, this is true when the separation between these frequencies is not large enough to enable sufficient isolation between transmit and receive chains. However, as detailed in R1-101499, we do not prefer to introduce symbol level timing offset between backhaul link and access link in order to reuse PDCCH for relays backhaul.   



	Huawei
	The use of PDCCH for inband operation can be done for FDD. However, the loss in performance is quite significant. See contribution R1-101078 for more detail. For TDD, more backhaul resources cannot be used than for FDD (to avoid UL-DL interference). Therefore, we think that for TDD, a R-PDCCH implementation is better.



	NNSN
	Not supported.

	ETRI
	We prefer to use R-PDCCH for half-duplex inband relay. PDCCH can be used for full duplex relay.


	Panasonic
	We don't prefer to use Rel-8 PDCCH for inband for the following reasons.

- The number of available OFDM symbols for (R-)PDSCH is smallest.
- DM-RS usage requires new design

When type 1 RN behaves like a UE for the initial set-up, RN is always based on Rel-8 PDCCH.

	Samsung
	For half-duplex inband relaying, we prefer R-PDCCH based approach to PDCCH one. For full duplex relaying, since the RN can transmit its PDCCH to rUEs and receive PDCCH from the donor eNB simultaneously, we consider PDDCH based approach as one possibility if no additional specification effort is needed and implementation complexity does not increase.


	Ericsson
	R-PDCCH is required when subframe boundaries of inband relays have to be strictly time aligned. Otherwise PDCCH can be re-used. 

We acknowledge that the R-PDCCH allows for more efficient resource utilisation at Un in scenarios where relays demand a large amount of traffic and the entire Un subframe is used for Un transmissions. In scenarios where relays demand only a small amount of traffic and the Un subframe is frequently used for donor Uu transmissions instead, the PDCCH re-use is more efficient, see R1-100861. The latter scenario corresponds for instance to relays that are deployed for coverage extension in rural areas,



Summary:
Majority view is that R-PDCCH is generally required, but there exist certain cases that allow Rel-8 PDCCH also for inband relays.
Rapporteur proposes following:

- To check whether following is agreeable:

R-PDCCH needs to be supported. Rel-8 PDCCH may be used in certain cases.
1.2 Downlink data channel related topic
Question 7: Do you see the need of new DM RS, or non-precoded RS in MBSFN subframes, for the sole purpose of eNB-to-RN channel demodulation for R-PDSCH (if defined)? 
	IDCC
	We believe this question should be left open for further evaluation.

	ZTE
	Rel.10 DM RS could be the baseline, with possible further optimizations, e.g., patterns or densities, to fit backhaul link channel.

	ALU/ASB
	No new DMRS is needed. Both CRS and Rel-10 DMRS should be sufficient based on the configuration of transmission mode.

	LGE
	No. See the answer to Question 3.

	NEC
	For non-precoded RS, basically CRS is preferred for non-precoded R-PDSCH. The performance of Rel’8 CRS should be considered and if not enough, new non-precoded RS will be necessary. We think some further evaluation is necessary before making a decision.

For new DM RS, basically Rel’10 DM RS is preferred for precoded R-PDSCH. Only if the last OFDM symbol of Rel’10 DM RS can’t be used, new DM RS pattern will be necessary. 

	LG-Nortel
	Non precoded RS. We don’t think partial usage of MBSFN subframe as PDSCH/R-PDSCH is needed since Rel-8 and 9 UEs don’t support such functionality .

	Motorola
	We think existing Rel-10 DM RS and Rel-8 CRS can be used.

	Qualcomm
	We believe that the existing PDSCH design can be reused for R-PDSCH and may use either CRS or DM-RS modes as currently defined. Note however that channel estimation using CRS would be different from a regular UE since the relay can’t monitor the CRS in the first two symbols of a subframe.  Similar to R-PDCCH, we see that for the baseline DL backhaul timing design, as detailed in our contribution in R1-101500, no new DM-RS design is necessary. DM-RS design for the regular subframes can be readily reused. It’s FFS whether other DL backhaul timing design should be supported or not, and if so, whether new DM-RS design is needed or not.

	Huawei
	We see the use of DM-RS for the R-PDSCH. The best solution would be, if possible, to reuse Rel-10 DM-RS sequences.

	NNSN
	We prefer to reuse CRS and DMRS as defined in R8/R10.

	ETRI
	We prefer to use existing CRS or DM-RS.

	Panasonic
	Same view as question 3.

We prefer the design without introducing new DM-RS and non-precoded RS in MBSFN subframes. Rel-10 DM-RS can be reused for Un link with DL timing alignment of Case 1 and Case 2 from the WF of the last meeting. In non-precoded RS case (option 10), the scheduler of eNB has the restriction that eNB assigns only normal subframes for backhaul subframe.

	Samsung
	We think that both Rel.8 CRS and Rel.10 DRS can be adopted to support demodulation of R-PDSCH.

	Ericsson
	We prefer to reuse CRS and DMRS as defined in R8/R10.


Summary:
Majority view seems to use existing Rel-10 DM RS and Rel-8 CRS.
Rapporteur proposes following:

- To check whether following is agreeable:

Baseline is Rel-10 DM RS and Rel-8 CRS in normal subframes and Rel-10 DM RS in MBSFN subframes.
Question 8: Does RN support all transmission modes? Is the support of the transmission mode different when RN behaves as UE and when RN behaves as RN?

	IDCC
	We do not foresee the need to support all R8 (DL) Transmission Modes on the RN (in its capacity as network node). We do not see it important to optimize the RN in its capacity as client to the eNB, because inevitably during connection establishment at some point in-time the eNB becomes aware of the “special” nature of the RN. Therefore, support of Transmission Modes different when RN behaves as UE and when RN behaves as RN would be desirable according to us.

	Fujitsu
	Maybe I go beyond the question, but we could consider mobile relay (if introduced) in determining the transmission modes. Transmission modes which mobile relay in low SINR need could be considered. If we don’t consider mobile relay, we don’t see a special need to differentiate transmission modes between when RN behaves as RN and when RN behaves as UE if our understanding is correct that when RN behaves as UE, it is that RN is in its initial access to the network.

	ZTE
	At this stage, we are open regarding whether all transmission modes or a subset of them (Rel-8, Rel-9/10, downlink, uplink, etc.) should be supported for R-PDSCH. We believe that different transmission mode configurations are needed between the out-of-service mode (e.g., RN behaves as UE when limited amount of information is exchanged on the backhaul link) and in-service mode (e.g., RN behaves as RN).

	ALU/ASB
	The support of transmission mode at the RN needs to take into account the UE capabilities. As an example, a FDD relay with no UEs that support TM7 should not necessarily be required to support this transmission mode. Furthermore, the support of all transmission modes would be dependent on the link characteristics of the backhaul. Proper characterization of the backhaul link may result in optimization of the transmission modes that need to be supported.

	LGE
	FFS. We would like to point out that, transmission mode utilizing Rel-8 CRS for demodulation is not essentially the same transmission mode for RN from implementation perspective, due to totally different channel estimation algorithms which is available during UE mode and RN mode. This point needs to be taken into consideration when discussing on the backhaul link transmission mode. 

	NEC
	NEC prefers that RN to support all transmission modes that Rel’10 UE supports with both DM RS and CRS. Details are FFS.

	LG-Nortel
	FFS

	Motorola
	FFS.

	Qualcomm
	It is our view that if the relay supports a set of transmission modes as a UE, it should support at least those transmit modes as a RN. More details can be FFS.

	Huawei
	FFS

	NNSN
	RN should reuse UE transmission modes as far as possible. MIMO modes with two antennas at relay should have highest priority.

	ETRI
	FFS.

	Panasonic
	When the type 1 RN behaves as UE, RN should support all transmission modes supported by UE. 
When the RN behaves as type 1 relay, we assume at least transmission mode 1 equivalent (single-antenna port), transmission mode 2 equivalent (transmit diversity), and transmission mode 8 equivalent (dual-layer transmission).

	Samsung
	FFS

	Ericsson
	FFS


Summary:
There seems to be no clear majority view. Among the views expressed, some views are the modes supported as UE are supported as RN also. Some views are the modes supported as UE are not necessary to be supported utilizing the characteristics of the backhaul.
Rapporteur proposes following:

- Before the discussion of the transmission mode, the number of supported antennas for both backhaul and access link needs to be discussed further. 
- To check whether following is agreeable:

Two antenna ports for backhaul at RN is mandatory
1.3 UL Backhaul HARQ time line

Question 9: Uplink subframe for backhaul is configured explicitly or implicitly?

	IDCC
	We support implicit allocation of the UL backhaul sub-frames, based on the Rel-8 HARQ principles.

	Fujitsu
	We support both implicit and explicit UL backhaul subframe allocations. These two can coexist. The baseline is implicit allocation. And dynamic allocation is used when necessary.

	ZTE
	For FDD, uplink backhaul subframe configuration should be implicit, based on Rel-8 HARQ timing. For TDD, explicit configuration should be supported.

	ALU/ASB
	Implicitly

	LGE
	Implicit configuration is preferred if the resultant Un subframe allocation is not problematic (e.g., if it has no significant impact on Uu link and can cover all the supported HARQ timeline, …). However, if no effective implicit allocation method is found, then explicit configuration can be considered to support more flexible backhaul subframe allocation. We think that this issue is related to the synchronous v.s. asynchronous Un UL retransmission.

	NEC
	Our preference is implicit for FDD as we do not see the reason for having more UL subframes than the DL subframes.

	LG-Nortel
	Implicitly

	Motorola
	Implicit configuration preferred for FDD if it can cover all the supported HARQ timelines otherwise some explicit configuration information may also be needed. Explicit configuration expected for TDD.

	Qualcomm
	Our preference is to allow explicit UL/DL backhaul configuration based on 40 ms periodicity and asymmetric UL/DL subframe configurations are permitted. Under the flexible UL backhaul subframe configuration and the simple and determinsitic minimum 4ms delay rule, synchronous HARQ operation in UL may impose some limitations on UL scheudling. In order to flexibly adapt to the access/backhaul partitioning and relax limitations on UL scheduling, asynchrouns UL-HARQ should be considered. More details are given in R1-101502.

	Huawei
	It can be done implicitly based on the DL HARQ timeline.

	NNSN
	Implicitly for FDD (4ms after DL), explicitly at least for some TDD UL-DL configurations.

	ETRI
	We support implicit configuration for FDD.

	Panasonic
	Semi-static explicit configuration is preferred to implicit configuration, motivated by the following considerations:

· With explicit configuration, the UL HARQ RTT statistics can be much better controlled, particularly when a synchronous UL backhaul HARQ protocol is used. With implicit configuration and synchronous UL HARQ, many retransmission opportunities are lost, increasing the delay.

· Implicit configuration is also semi-static because it is derived from the downlink configuration. Therefore, the uplink configuration is only semi-static regardless of implicit or explicit. Then, it takes only long-term backhaul statistics into account. In case of implicit configuration, different UL and DL requirements coming from traffic or QoS cannot be reflected well compared with the case of explicit configuration.

· The configuration of the backhaul depends on the accumulated rUE traffic demands, i.e. all accumulated rUE characteristics. Different rUEs having different asymmetric UL-DL traffic requirements appear to the backhaul requirements just as if all rUEs had the same requirements. However, the RN should have the flexibility to accommodate different rUE traffic requirements, so that it should have as much freedom as possible to issue e.g. UL access assignments. This freedom is very limited in case of implicit uplink backhaul subframe configuration.

· Any subframe for UL backhaul cannot be used for UL access in both explicit and implicit configurations. This is also true even if the UL backhaul subframe is configured but unused. Consequently, in configured but unused UL backhaul subframes, UL access resources are wasted. Therefore, if such a situation is envisaged, to use these subframes as access UL subframes is useful. Then, these could be useful for access UL retransmissions (i.e. for improved UL access HARQ) for a more timely delivery of uplink traffic, or to allow certain rUEs to transmit more data.



	Samsung
	Explicit configuration is preferred. The explicit assignment can fully support the implicit assignment as a subset, with minimal overhead as the configuration will be done just once via high layer (RRC). Also, the explicit assignment provides various flexibilities in configuring Un resources, which cannot be supported by the implicit assignment, e.g., asymmetric configuration of DL/UL Un subframes, flexibility in the locations of UL Un subframes, etc.

	Ericsson
	We strongly propose implicit allocation of UL Un subframes, see R1-100866. In FDD, timing relations are fixed to n/n+4 and in TDD, they are fixed to n/n+x with x >=4.


Summary:
Explict:
Fujitsu, Qualcomm, Panasonic, Samsung
Implict:
IDCC, Fujitsu, ALU/ASB, LG-Nortel, Huawei, Ericsson
Explict for TDD and implict for FDD:
Fujitsu, ZTE, NEC, Motorola, NNSN, 
Dependant on Un UL retransmission:
LGE
There was an offline comment that it is not clear whether "UL subframes are known from DL subframes with configurable timing offset" is explict or implicit.

Rapporteur proposes following:

- Check whether companies support implicit or explicit for both TDD and FDD or not.

- Depending on the outcome check if implicit or explicit can be agreed
1.4 Timing of backhaul and accesslink in downlink

Summary is in the following document.
R1-101553 Summary of email discussion on DL timing relation between eNB and RN     

1.5 Timing of backhaul and accesslink in uplink

Summary is in the following document.
R1-101554 Summary of email discussion on UL timing relation between eNB and RN     
