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1 Discussion topic
Could you provide your thinking on the relation among following points?
In case of multiple options in a bullet is supported, do you have some idea on the restriction on the combinations to reduce the complexity? If pictures are provided, it is really useful. Intention is to understand each company's opinion toward January.
- Interleaving (all, a few, no interleaving etc)

- In case of interleaving support, what is the one unit size of the interleaving? (CCE?, REG? Fixed size or variable depending on something related to RE number in a PRB/slot size? Or something else?)

- R-PDCCH placement in frequency domain (frequency distributed, localized)

- R-PDCCH region (FDM+TDM, FDM...) from eNB perspective and from RN perspective
- In case of FDM+TDM, what is the time duration of the relay control region within a PRB pair? 

- In case of FDM+TDM, how are the remaining OFDM symbols in a PRB pair allocated/utilized? Is there some restriction on the assignment? This is especially in case of DMRS based demodulation.

- RS (DM-RS, CRS)

- RS for R-PDCCH – configurable by the donor eNB or fixed?

- If CRS is transmitted in other than 1st/2nd OFDM symbol in MBSFN subframe (but no MBSFN transmission), how it is transmitted?

- In case of DM-RS, can multiple (a part of) R-PDCCHs be multiplexed in the control region within a PRB pair? In case of multiple R-PDCCH, are there some restrictions?

- Behaviour is different between normal subframe and MBSFN subframe (but no MBSFN transmission)?

- If there is some restriction, what kind of the restriction do you have in mind?

2 Summary of the discussion and Rapporteur proposal
· Interleaving
- Companies who prefer to use DM-RS seem to prefer not having interleaving (LGE, NNSN, ALU/ASB) or interleaving is restricted to a single Relay (Motorola).
- Companies who prefer to use CRS seem to prefer having interleaving 

Rapporteur proposes following:

- To support interleaving in case of CRS usage. If DM-RS are supported/used, it is FFS whether interleaving is supported.
· R-PDCCH placement

- Many companies propose to support both frequency distributed and localized R-PDCCH placement (LGE, ZTE, NEC, CATT, NNSN, Panasonic, HTC, Samsung, Motorola, Texas Instruments, ETRI).
Rapporteur proposes following:

- To support both frequency distributed and localized R-PDCCH placement.

· R-PDCCH region

On the FDM or FDM+TDM, the views are different. 

- FDM+TDM (LGE, ZTE, CATT, LG-Nortel, NNSN, HTC, Huawei, Samsung, Motorola, Texas Instruments) 

- FDM (Ericsson, NEC, Panasonic, Huawei, Qualcomm, ALU/ASB, CMCC, ETRI)

In FDM+TDM, there is a comment that the remaining OFDM symbols of a subframe should support only R-PDSCH.

Rapporteur proposes following:

- To continue further the discussion on FDM or FDM+TDM.

- If supporting FDM+TDM, the remaining OFDM symbols in a PRB that is used for R-PDCCH are usable only by R-PDSCH.

· RS

- DMRS (LGE, LG-Nortel, Samsung, Qualcomm)
- CRS ( )
- Both DMRS and CRS (Ericsson, NEC, NNSN, Panasonic, HTC, Motorola, CMCC, ZTE, ALU/ASB, Huawei, ETRI)
Rapporteur proposes following:

- To support both CRS and DMRS

· Behaviour difference between normal subframe and MBSFN subframe

Majority of the companies preferred to use the same RS irrespective of normal or MBSFN subframe. One discussion topic is how to handle CRS in MBSFN subframes.
Rapporteur proposes following:

- To support both normal and MBSFN subframe for the backhaul.

- Same kind of RS is used irrespective of whether normal or MBSFN subframes are transmitted, at least when DMRS is used.

3 Company views

LGE
	[LGE]

· Interleaving: Intra-PRB interleaving is not supported. All the 12 subcarriers within one PRB are allocated to a single R-PDCCH.

· R-PDCCH placement: Both frequency distributed and localized R-PDCCH placement are supported.

· R-PDCCH region: FDM+TDM is applied to R-PDCCH multiplexing. The time duration of R-PDCCH is semi-statically configured. It is preferred to allocate the remaining OFDM symbols in a PRB pair used for R-PDCCH to the R-PDSCH of the same RN.

· RS: DM-RS is used for R-PDCCH demodulation.

· RN behaviour: The same R-PDCCH demodulation procedure is applied irrespective of the subframe type (possibly except for those related to CRS RE management such as RE puncturing and rate matching).
The following figure illustrates one R-PDCCH structure option which is in line with the above discussion points.
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Ericsson
	Could you provide your thinking on the relation among following points?
In case of multiple options in a bullet is supported, do you have some idea on the restriction on the combinations to reduce the complexity? If pictures are provided, it is really useful. Intention is to understand each company's opinion toward January.

- Interleaving (all, a few, no interleaving etc)
- In case of interleaving support, what is the one unit size of the interleaving? (CCE?, REG? Fixed size or variable depending on something related to RE number in a PRB/slot size? Or something else?)

- R-PDCCH placement in frequency domain (frequency distributed, localized)
Ericsson: Each R-PDCCH spans at least two RBs in the frequency domain. Multiple R-PDCCHs may share the same set of RBs. The set of RBs used for a (group of) R-PDCCHs is configurable by higher-layer signaling. Preferably, each R-PDCCH uses at least two well-separated RBs in the frequency domain to obtain diversity.

- R-PDCCH region (FDM+TDM, FDM...) from eNB perspective and from RN perspective
- In case of FDM+TDM, what is the time duration of the relay control region within a PRB pair? 

- In case of FDM+TDM, how are the remaining OFDM symbols in a PRB pair allocated/utilized? Is there some restriction on the assignment? This is especially in case of DMRS based demodulation.

Ericsson: Multiplexing should be done in the frequency domain to minimize the number of RBs reserved for R-PDCCH. Furthermore, a pure FDM solution would ensure the availability of CRS and DMRS for demodulation. For more details see [R1-100059].

- RS (DM-RS, CRS)
 
- RS for R-PDCCH – configurable by the donor eNB or fixed?
Ericsson: The RS used for demodulation should depend on the RN’s transmission mode as configured by the eNB. Note that the transmission mode will have to be configured for the R-PDSCH anyway. With a pure FDM multiplexing of the R-PDCCH enough CRS or DMRS will be available.

- If CRS is transmitted in other than 1st/2nd OFDM symbol in MBSFN subframe (but no MBSFN transmission), how it is transmitted?
Ericsson: It is an implementation choice to configure an MBSFN subframe at the eNB. (Note that, no Rel.8/9 UEs could be scheduled by the eNB in those subframes!) Depending on the configured transmission mode the eNB will transmit DMRS or CRS in conjunction with data in the MBSFN region.

- In case of DM-RS, can multiple (a part of) R-PDCCHs be multiplexed in the control region within a PRB pair? In case of multiple R-PDCCH, are there some restrictions?

Ericsson: The configuration of a R-PDCCH transmission modes relying on DMRS makes sense only if the control region contains the R-PDCCH of a single RN. If multiple R-PDCCHs (of multiple RNs) are interleaved transmission modes relying on CRS have to be used.

- Behaviour is different between normal subframe and MBSFN subframe (but no MBSFN transmission)?

- If there is some restriction, what kind of the restriction do you have in mind?
Ericsson: The configuration of the transmission mode and thus the usage of RSs is the same in normal Un subframes and in Un subframes optionally declared as MBSFN subframe.




ZTE
	Could you provide your thinking on the relation among following points?
In case of multiple options in a bullet is supported, do you have some idea on the restriction on the combinations to reduce the complexity? If pictures are provided, it is really useful. Intention is to understand each company's opinion toward January.
- Interleaving (all, a few, no interleaving etc)

- In case of interleaving support, what is the one unit size of the interleaving? (CCE?, REG? Fixed size or variable depending on something related to RE number in a PRB/slot size? Or something else?)

[ZTE] If interleaving is supported, the concepts of REG and CCE for Rel-8 PDCCH can be reused for R-PDCCH, although the sizes of REG and CCE may not be exactly the same as those of Rel-8 PDCCH. We prefer fixed size of REG which may contain 2 REs or 4 REs. CCE size depends on the backhaul channel quality. 
- R-PDCCH placement in frequency domain (frequency distributed, localized)

    [ZTE] Both frequency distributed and localized can be supported. In distributed allocation, from the prospective of scheduling flexibility for macro UEs, frequency resource for R-PDCCH should not be too dispersed.
- R-PDCCH region (FDM+TDM, FDM...) from eNB perspective and from RN perspective
- In case of FDM+TDM, what is the time duration of the relay control region within a PRB pair? 
[ZTE] Starting at 4th OFDM symbol for BW>10 RBs, and at 5th OFDM symbol for BW<= 10 RBs. Ending at:
· Static config: the last OFDM symbol in the 1st slot

· Semi-static config: within the 1st slot and guarantee at least 2 OFDM symbols for R-PDCCH

- In case of FDM+TDM, how are the remaining OFDM symbols in a PRB pair allocated/utilized? Is there some restriction on the assignment? This is especially in case of DMRS based demodulation.

[ZTE] The design should strive to minimize the remaining OFDM symbols by allowing certain code rate adaptability, etc. In the case that the remaining OFDM symbols are inevitable, the actual number of OFDM symbols for all active RNs is preferred to be the same, so that the left-over symbols can be flexibly used for R-PDSCH. 

- RS (DM-RS, CRS)
- RS for R-PDCCH – configurable by the donor eNB or fixed?
[ZTE] Configured by the donor eNB.
- If CRS is transmitted in other than 1st/2nd OFDM symbol in MBSFN subframe (but no MBSFN transmission), how it is transmitted?
[ZTE] In R1-100543 (Figure 5 (c)) we propose a CRS pattern that can provide a good balance between the RS overhead and the performance
- In case of DM-RS, can multiple (a part of) R-PDCCHs be multiplexed in the control region within a PRB pair? In case of multiple R-PDCCH, are there some restrictions?
[ZTE] Yes, and interleaving is assumed when multiple R-PDCCHs are multiplexed. In this case, DM-RS would be non-precoded. 

- Behaviour is different between normal subframe and MBSFN subframe (but no MBSFN transmission)?

- If there is some restriction, what kind of the restriction do you have in mind?
[ZTE] When CRS (or CRS transmitted only in PRBs carrying R-PDCCHs) is used, we expect different channel estimation qualities between normal subframe and MBSFN subframe, and the difference really depends on the channel estimator implementation. DM-RS does not have such problem. 



NEC

	Could you provide your thinking on the relation among following points?
In case of multiple options in a bullet is supported, do you have some idea on the restriction on the combinations to reduce the complexity? If pictures are provided, it is really useful. Intention is to understand each company's opinion toward January.

- Interleaving (all, a few, no interleaving etc)

- In case of interleaving support, what is the one unit size of the interleaving? (CCE?, REG? Fixed size or variable depending on something related to RE number in a PRB/slot size? Or something else?)
[NEC] We think that the deployment scenarios at the early stage of Rel’10 will be mainly based on fixed relay nodes, and for further deployments at the later stages, mobile relay will be employed. Therefore, for mobile relays, R-PDCCHs for different relays have to be well distributed in frequency domain and interleaved to achieve frequency diversity gain that is “Frequency diversity R-PDCCH transmission” as shown in Fig.1-a below. And for fixed relays, interleaving is not necessary, but, frequency selective scheduling can achieve frequency selective gain that is “Frequency selective R-PDCCH transmission” as shown in Fig.1-b below.  

Therefore, we think that interleaving and no interleaving should be supported in the same backhaul subframe of the cell. In this way, both frequency selective and frequency diversity R-PDCCH transmission can be easily supported in the same backhaul subframe of the cell as shown in Fig.2 below. For interleaving, we prefer a unit size of REG as a baseline because we believe it can achieve better frequency diversity gain than CCE interleaving in case of frequency diversity R-PDCCH transmission.  
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            Fig.1 FD and FS R-PDCCH transmissions in separate backhaul subframes. 
            (A-D means each Relay, “+” means being interleaved)
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      Fig.2 Mixed FD and FS R-PDCCH transmissions in the same backhaul subframe of the cell. 
       (A-E means each Relay, “+” means being interleaved)
- R-PDCCH placement in frequency domain (frequency distributed, localized)
[NEC] Both frequency distributed and frequency localised R-PDCCH placement should be supported.

On the R-PDCCH region point of view (i.e. semi-statically assigned PRBs), we prefer that the R-PDCCH region is distributed in frequency domain as a baseline for both frequency selective and frequency diversity R-PDCCH transmission.

- R-PDCCH region (FDM+TDM, FDM...) from eNB perspective and from RN perspective
[NEC] We prefer FDM multiplexing scheme as a baseline for simpler multiplexing between R-PDCCH and R-PDSCH/PDSCH channels. We also see no reason to exclude the FDM+TDM scheme since we believe it covers also FDM scheme.
- In case of FDM+TDM, what is the time duration of the relay control region within a PRB pair? 

[NEC] It will be beneficial to restrict the variation of the number of OFDM symbols to reduce test effort, which may be 2 or 4. And also it should include FDM scheme. For example, it can be {first slot, both slots (=FDM)}. Another example may be {3 symbols, 6 symbols, 8 symbols, whole symbols (=FDM)}. It may be depend on R-PDCCH format size.
- In case of FDM+TDM, how are the remaining OFDM symbols in a PRB pair allocated/utilized? Is there some restriction on the assignment? This is especially in case of DMRS based demodulation.

[NEC] In case of FDM+TDM, we don't like to allocate the remaining OFDM symbols to Rel-10 UEs since it will force them to know/detect which PRB is actually used for R-PDCCH transmission. In case of FDM, on the other hand, PRBs not actually used for R-PDCCH transmission can be allocated Rel-8 UEs without any knowledge at UE.

It will be FFS how they are allocated to RN.
- RS (DM-RS, CRS)
[NEC] We prefer Rel’8 CRS are used for demodulating R-PDCCH as baseline. In case of Frequency selective R-PDCCH transmission where beamforming/precoding is applied on the R-PDCCH, it is preferred that DMRS are used for demodulating both R-PDCCH and R-PDSCH channels.
- RS for R-PDCCH – configurable by the donor eNB or fixed?

[NEC] CRS or DMRS can be selected during initial configuration. Configuration of RS should not be changed once a RN starts its relaying.

- If CRS is transmitted in other than 1st/2nd OFDM symbol in MBSFN subframe (but no MBSFN transmission), how it is transmitted?

[NEC] It is preferred that Rel’8 CRS are configured and transmitted but confined to the PRBs carrying R-PDCCH transmissions.
- In case of DM-RS, can multiple (a part of) R-PDCCHs be multiplexed in the control region within a PRB pair? In case of multiple R-PDCCH, are there some restrictions?
[NEC] FFS.
- Behaviour is different between normal subframe and MBSFN subframe (but no MBSFN transmission)?

[NEC] In case of CRS is used for R-PDCCH demodulation in such MBFSN subframe, donor eNB sends special CRS as we proposed above (i.e. Rel’8 CRS confined to the PRBs carrying R-PDCCH transmissions) and RN receives them for R-PDCCH demodulation.

- If there is some restriction, what kind of the restriction do you have in mind?
[NEC] Not all subframes for backhauling can be configured as such MBSFN subframe to keep synchronization between donor eNB and RN, which will be RAN4 issue.



CATT

	Could you provide your thinking on the relation among following points?
In case of multiple options in a bullet is supported, do you have some idea on the restriction on the combinations to reduce the complexity? If pictures are provided, it is really useful. Intention is to understand each company's opinion toward January.

- Interleaving (all, a few, no interleaving etc)

- In case of interleaving support, what is the one unit size of the interleaving? (CCE?, REG? Fixed size or variable depending on something related to RE number in a PRB/slot size? Or something else?)
[CATT]: The set of PRBs on which RN shall monitor for DCI formats is semi-statically configured by the donor eNB. RN shall assume that its DCI formats are transmitted on the set of configured PRBs with the same design of Rel-8 PDCCH. In particular, RN shall assume that its REGs are interleaved over the complete set of configured PRBs. Note that it is possible different RNs can be configured with different sets of PRBs, containing their respective DCI formats.

- R-PDCCH placement in frequency domain (frequency distributed, localized)
[CATT]: The set of R-PDCCH PRBs is semi-statically configured by the donor eNB, on a per-RN basis. Hence, the set of R-PDCCH PRBs can either be frequency distributed or localized, depending on the eNB configuration.

- R-PDCCH region (FDM+TDM, FDM...) from eNB perspective and from RN perspective
- In case of FDM+TDM, what is the time duration of the relay control region within a PRB pair? 

- In case of FDM+TDM, how are the remaining OFDM symbols in a PRB pair allocated/utilized? Is there some restriction on the assignment? This is especially in case of DMRS based demodulation.

[CATT]: FDM+TDM R-PDCCH is preferred. The R-PDCCH time duration can be the 5th – 7th OFDM symbols in the first slot of a subframe. The remaining OFDM symbols in the R-PDCCH PRBs can be used for R-PDSCH transmission.
- RS (DM-RS, CRS)

- RS for R-PDCCH – configurable by the donor eNB or fixed?

- If CRS is transmitted in other than 1st/2nd OFDM symbol in MBSFN subframe (but no MBSFN transmission), how it is transmitted?

- In case of DM-RS, can multiple (a part of) R-PDCCHs be multiplexed in the control region within a PRB pair? In case of multiple R-PDCCH, are there some restrictions?

[CATT]: If Rel-8 CRS (other than those in the first two OFDM symbols) is used for R-PDCCH, then the Rel-8 CRS needs to be transmitted at least in the R-PDCCH PRBs. It needs to be verified if partial Rel-8 CRS can provide sufficient R-PDCCH detection performance, especially for 4 Rel-8 CRS ports. Some initial evaluations are available in our contribution R1-100077.

If Rel-9/10 DM RS is used for R-PDCCH demodulation, then the DM RS antenna ports cannot be precoded in case there are multiple RNs’ DCI formats interleaved in the same R-PDCCH PRB. It is noted that if tight synchronization is required between eNB and RN, then a half duplex RN may not be able to receive the last OFDM symbol from the eNB, due to the required guard period for Rx/Tx switching. Hence, whether the Rel-9/10 DM RS pattern can be directly used on the backhaul link is FFS.

Overall, although it is desirable that no new RS patterns are designed specifically for RN backhaul link, RS patterns for R-PDCCH detection shall be studied due to the above reasons.
- Behaviour is different between normal subframe and MBSFN subframe (but no MBSFN transmission)?

- If there is some restriction, what kind of the restriction do you have in mind?

[CATT]: It is preferable that RN behaviour on the backhaul link is the same irrespective whether or not the backhaul subframe is an MBSFN subframe in the donor cell.



LG-Nortel

	- Could you provide your thinking on the relation among following points? In case of multiple options in a bullet is supported, do you have some idea on the restriction on the combinations to reduce the complexity? If pictures are provided, it is really useful. Intention is to understand each company's opinion toward January. 

- Interleaving (all, a few, no interleaving etc)

- In case of interleaving support, what is the one unit size of the interleaving? (CCE?, REG? Fixed size or variable depending on something related to RE number in a PRB/slot size? Or something else?)
[LG-Nortel] Interleaving should be supported. (No intra PRB interleaving.) The concepts of REG and CCE for Rel-8 PDCCH can be reused for R-PDCCH.

- R-PDCCH placement in frequency domain (frequency distributed, localized)
[LG-Nortel] Frequency distributed can be supported except for the case of very few RNs like less than 3.
- R-PDCCH region (FDM+TDM, FDM..) from eNB perspective and from RN perspective
- In case of FDM+TDM, what is the time duration of the relay control region within a PRB pair?
[LG-Nortel] Fixed 4 symbol duration (4th ~ 7th) is preferred but it can be semi-statically configured.

- In case of FDM+TDM, how are the remaining OFDM symbols in a PRB pair allocated/utilized? Is there some restriction on the assignment? This is especially in case of DMRS based demodulation.
[LG-Nortel] There shouldn’t be any restriction. Any R-PDSCH can be allocated. In DMRS based modulation, however, there seems to be some restrictions. Only R-PDSCH which is associated with R-PDCCH should be allocated within PRB pair. 

- RS (DM-RS, CRS)


 
- RS for R-PDCCH – configurable by the donor eNB or fixed?
                  [LG-Nortel] RS can be configured if necessary. But it should be semi-static signaling.
- If CRS is transmitted in other than 1st/2nd OFDM symbol in MBSFN subframe (but no MBSFN transmission), how it is transmitted?
[LG-Nortel] Since there is no MBSFN transmission eNB can and will transmit CRS in the MBSFN region. But we don’t see any compelling reason for usage of MBSFN subframes in relay backhaul. 
- In case of DM-RS, can multiple (a part of) R-PDCCHs be multiplexed in the control region within a PRB pair? In case of multiple R-PDCCH, are there some restrictions?
[LG-Nortel] We don’t believe so. So DMRS can be used only when R-PDCCH and R-PDSCH for the specific RN are located in same PRB pair. No multiplexing and interleaving can be performed among R-PDCCHs.
- Behaviour is different between normal subframe and MBSFN subframe (but no MBSFN transmission)?

- If there is some restriction, what kind of the restriction do you have in mind?

[LG-Nortel] The same R-PDCCH procedure will be applied in both types.



NNSN
	Could you provide your thinking on the relation among following points?
In case of multiple options in a bullet is supported, do you have some idea on the restriction on the combinations to reduce the complexity? If pictures are provided, it is really useful. Intention is to understand each company's opinion toward January.

- Interleaving (all, a few, no interleaving etc)

- In case of interleaving support, what is the one unit size of the interleaving? (CCE?, REG? Fixed size or variable depending on something related to RE number in a PRB/slot size? Or something else?)

NNSN: Intra-R-PDCCH interleaving or even no interleaving shall be considered.  

- R-PDCCH placement in frequency domain (frequency distributed, localized)

NNSN: Support of frequency distributed and localized placements for R-PDCCH shall be considered. Distributed placement may be needed if only poor channel knowledge is available. Localized placement allows frequency domain scheduling also for R-PDCCH and use of DM-RS for R-PDCCH.
- R-PDCCH region (FDM+TDM, FDM...) from eNB perspective and from RN perspective
- In case of FDM+TDM, what is the time duration of the relay control region within a PRB pair? 

- In case of FDM+TDM, how are the remaining OFDM symbols in a PRB pair allocated/utilized? Is there some restriction on the assignment? This is especially in case of DMRS based demodulation.

NNSN: FDM + TDM. R-PDCCH located only in a certain, predefined set of OFDM symbols is preferred as closer to Rel-8, and gives more time for decoding. The set of PRBs that carry R-PDCCH is semi statically configured. Remaining symbols can carry R-PDSCH, in particular for the RN that also got that PRB allocated for PDCCH.
- RS (DM-RS, CRS)


 
- RS for R-PDCCH – configurable by the donor eNB or fixed?

- If CRS is transmitted in other than 1st/2nd OFDM symbol in MBSFN subframe (but no MBSFN transmission), how it is transmitted?

- In case of DM-RS, can multiple (a part of) R-PDCCHs be multiplexed in the control region within a PRB pair? In case of multiple R-PDCCH, are there some restrictions?

- Behaviour is different between normal subframe and MBSFN subframe (but no MBSFN transmission)?

- If there is some restriction, what kind of the restriction do you have in mind?
NNSN: Preferably for MBSFN subframes the same principles as for non-MBSFN subframes apply: CRS needs to be considered in particular for distributed allocation of R-PDCCH. Once R10 DM RS design principle will be clearer, DM RS can be considered, in particular for localized R-PDCCH placement.



Panasonic

	Our proposal consists of following properties.

- Interleaving is among restricted number of R-CCEs, which are located only in a few RBs. We call this as partial interleaving. The R-CCE size is a quarter of the number of available REs in a RB. So depending on the number of available REs in a RB, R-CCE size has a variation. It is efficient to re-use RBs in this approach if less R-PDCCHs need to be transmitted on a subframe. 
- Both frequency distributed and localized R-PDCCH placement is supported. Frequency distributed placement is useful for frequency and interference diversity. On the other hand, frequency localized R-PDCCH placement can efficiently exploit good channel characteristics for a stationary relay node.
Frequency distributed or localized is realized by whether the few RBs in the same interleaving process are located distributedly or localizedly with partial interleaving approach. So it only affects the mapping of RBs.

- R-PDCCH regions are only FDM. Although FDM+TDM has benefit of the delay reduction, it is difficult to utilize the remaining OFDM symbols in a PRB pair efficiently especially in case of DM-RS for PDSCH/R-PDSCH. As the additional merit of only FDM, power sharing can be easily supported since the power of R-PDCCH can be constant during a subframe.
- Both CRS and DM-RS are supported. The same RS is used for both normal subframe and MBSFN subframe. CRS usage is mode 1 and DM-RS usage is mode 2.

· In mode 1, CRS is transmitted in other than 1st/2nd OFDM symbol in MBSFN subframe within the RBs used for R-PDCCH. Multiple R-PDCCHs can be multiplexed within a PRB pair.
· In mode 2, CRS is not transmitted in MBSFN subframe.

· In mode 2, multiple R-PDCCHs can be multiplexed within a PRB pair. A DM-RS layer and a R-CCE have specific relation.

- In mode 1, there is no difference of the behaviour between normal subframe and MBSFN subframe except the channel estimation of CRS in MBSFN subframe is restricted within the RBs used to transmit R-PDCCH.

- In mode 2, R-CCE size is different between normal subframe and MBSFN subframe because normal subframe has CRS overhead. Channel estimation uses DM-RS on normal subframe and MBSFN subframe.
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Mode 1 is used when eNB does not support DM-RS. Mode 1 is also used when majority of backhaul subframe at eNB side is normal subframe, i.e. majority of UEs in a cell is release 8 or 9.

Mode 2 is used when the system is utilizing beamforming gain or spatial multiplexing gain of R-PDCCHs. Mode 2 is also used when majority of the backhaul subframe at eNB side is MBSFN subframe, i.e. majority of UEs in a cell is release 10 or later. 

In Mode 1 (b) and Mode2 (a),(b), the channel estimation of R-PDCCH is carried out on the RBs used to transmit the R-PDCCH. The pure FDM placement of R-PDCCH is suitable for these scenarios since the number of DM-RS or CRS for R-PDCCH is larger than RS for R-PDCCH of TDM+FDM placement.



HTC
	Could you provide your thinking on the relation among following points?
In case of multiple options in a bullet is supported, do you have some idea on the restriction on the combinations to reduce the complexity? If pictures are provided, it is really useful. Intention is to understand each company's opinion toward January.
- Interleaving (all, a few, no interleaving etc)

- In case of interleaving support, what is the one unit size of the interleaving? (CCE?, REG? Fixed size or variable depending on something related to RE number in a PRB/slot size? Or something else?)

[HTC] Interleaving of R-PDCCH is the baseline. The degree of interleaving (REG-based as in Rel-8 or CCE-based) should be FFS due to the fact that interleaving design is closely related to the achieved frequency diversity and resulted decoding complexity, which should be evaluated more thoroughly considering all possible application scenarios of type 1 relays (e.g., relay mobility and indoor relay).
- R-PDCCH placement in frequency domain (frequency distributed, localized)

[HTC] Both frequency localized and distributed placement should be supported. Frequency localized placement should be applied to well-deployed, stationary relays for frequency selective scheduling; while frequency distributed placement should be applied to the case of mobile relays for higher frequency diversity.
- R-PDCCH region (FDM+TDM, FDM...) from eNB perspective and from RN perspective
- In case of FDM+TDM, what is the time duration of the relay control region within a PRB pair? 

[HTC] Fixed allocation is preferred for the case of FDM+TDM. Start at the first available OFDM symbol (excluding the part of Rel-8 PDCCH and relay switching time). End at the last OFDM symbol within the first slot.
- In case of FDM+TDM, how are the remaining OFDM symbols in a PRB pair allocated/utilized? Is there some restriction on the assignment? This is especially in case of DMRS based demodulation.

[HTC] The minimized remaining OFDM symbol(s) should be considered and should be flexible for R-PDSCH use if any. 
- RS (DM-RS, CRS)
- RS for R-PDCCH – configurable by the donor eNB or fixed?
[HTC] Slightly prefer that RS for R-PDCCH is fixed.
- If CRS is transmitted in other than 1st/2nd OFDM symbol in MBSFN subframe (but no MBSFN transmission), how it is transmitted?
- In case of DM-RS, can multiple (a part of) R-PDCCHs be multiplexed in the control region within a PRB pair? In case of multiple R-PDCCH, are there some restrictions?
[HTC] In our opinion, R-PDCCHs should be demodulated using CRS irrespective of the subframe types (normal or LTE-A). In case of DM-RS, multiplexing and interleaving should still be performed and non-precoded DM-RS is used.
- Behaviour is different between normal subframe and MBSFN subframe (but no MBSFN transmission)?

- If there is some restriction, what kind of the restriction do you have in mind?
[HTC] R-PDCCHs should be demodulated using the same RS irrespective of the subframe types (normal or MBSFN).



Huawei

	Could you provide your thinking on the relation among following points?
In case of multiple options in a bullet is supported, do you have some idea on the restriction on the combinations to reduce the complexity? If pictures are provided, it is really useful. Intention is to understand each company's opinion toward January.

- Interleaving (all, a few, no interleaving etc)

- In case of interleaving support, what is the one unit size of the interleaving? (CCE?, REG? Fixed size or variable depending on something related to RE number in a PRB/slot size? Or something else?)
[HUAWEI] All R-PDCCH should be interleaved. The unit size of the interleaving is FFS, but should be fixed in order to keep the system simple
- R-PDCCH placement in frequency domain (frequency distributed, localized)

[HUAWEI] It should be frequency distributed due to interleaving
- R-PDCCH region (FDM+TDM, FDM...) from eNB perspective and from RN perspective
- In case of FDM+TDM, what is the time duration of the relay control region within a PRB pair? 
[HUAWEI] It should be configurable depending on traffic, propagation conditions, etc.
- In case of FDM+TDM, how are the remaining OFDM symbols in a PRB pair allocated/utilized? Is there some restriction on the assignment? This is especially in case of DMRS based demodulation.
[HUAWEI] The RN knows the R-PDCCH location. The R-PDSCH is derived by taking the complement of the R-PDCCH.
- RS (DM-RS, CRS)


 
- RS for R-PDCCH – configurable by the donor eNB or fixed?

[HUAWEI] A fixed CRS is simpler and preferable for the R-PDCCH. 
- If CRS is transmitted in other than 1st/2nd OFDM symbol in MBSFN subframe (but no MBSFN transmission), how it is transmitted?
[HUAWEI] The CRS is transmitted just like in a normal subframe.
· In case of DM-RS, can multiple (a part of) R-PDCCHs be multiplexed in the control region within a PRB pair? In case of multiple R-PDCCH, are there some restrictions?
[HUAWEI] CRS is preferred over DMRS.
- Behaviour is different between normal subframe and MBSFN subframe (but no MBSFN transmission)?

- If there is some restriction, what kind of the restriction do you have in mind?



Samsung

	Could you provide your thinking on the relation among following points?
In case of multiple options in a bullet is supported, do you have some idea on the restriction on the combinations to reduce the complexity? If pictures are provided, it is really useful. Intention is to understand each company's opinion toward January.

- Interleaving (all, a few, no interleaving etc)

- In case of interleaving support, what is the one unit size of the interleaving? (CCE?, REG? Fixed size or variable depending on something related to RE number in a PRB/slot size? Or something else?)
[Samsung] No REG-level interleaving in order to minimize the number of fragmented PRBs. In order to retain similar CCE size as in Rel.8, we prefer to define 1 CCE per PRB for FDM+TDM and 2-3 CCEs per PRB for pure FDM. CCE interleaving (interleaving when CCEs are mapped to PRBs configured for R-PDCCH transmissions).

- R-PDCCH placement in frequency domain (frequency distributed, localized)
[Samsung] Both approaches are useful and can be naturally supported by allowing the eNB to appropriately configure the resources for R-PDCCH transmissions. We do not see any strong need to optimize the design in favor of a single approach. 
- R-PDCCH region (FDM+TDM, FDM...) from eNB perspective and from RN perspective
- In case of FDM+TDM, what is the time duration of the relay control region within a PRB pair? - In case of FDM+TDM, how are the remaining OFDM symbols in a PRB pair allocated/utilized? Is there some restriction on the assignment? This is especially in case of DMRS based demodulation.
[Samsung] FDM+TDM is preferred. FDM+TDM can reduce the required buffer size for R-PDSCH compared to the pure FDM approach, as R-PDSCH decoding can start from the beginning of the 2nd slot. Also, with FDM+TDM, there is no need to multiplex multiple CCEs within a PRB and only a single CCE can simply be mapped to a PRB, as the number of REs for R-PDCCH can well match the Rel-8 CCE size. Then, there will be no PRG fragmentation which can occur when multiple CCEs are multiplexed within a same PRB.

R-PDCCH can be transmitted in the last three OFDM symbols in the 1st slot. The remaining OFDM symbols in the 2nd slot can be used by R-PDSCH. 

- RS (DM-RS, CRS)


 
- RS for R-PDCCH – configurable by the donor eNB or fixed?

- If CRS is transmitted in other than 1st/2nd OFDM symbol in MBSFN subframe (but no MBSFN transmission), how it is transmitted?

- In case of DM-RS, can multiple (a part of) R-PDCCHs be multiplexed in the control region within a PRB pair? In case of multiple R-PDCCH, are there some restrictions?
For simpler implementation, we prefer to take a single approach. Considering that the fixed relays are of the main interest in LTE-A, we slightly prefer DM-RS. The detailed RS structure will depend on the R-PDCCH multiplexing structure (FDM+TDM or FDM) and on which RS approach (CRS or DM-RS) is taken. 

- Behaviour is different between normal subframe and MBSFN subframe (but no MBSFN transmission)?

- If there is some restriction, what kind of the restriction do you have in mind?




Qualcomm

	Interleaving:

Partial interleaving – a few PDDCHs interleaved together on a limited number of PRBs.  

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.

R-PDCCH placement in frequency domain: 
Frequency distributed placement.
Our preference is for distributed placement that is cell-specific, so as to maximize frequency and interference diversity.

R-PDCCH region from eNB perspective and from RN perspective: 
Frequency Domain Multiplexing (FDM).

We prefer FDM only multiplexing. We view this option as having several advantages:

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

2. 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.

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

4. 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 R1-094887 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. 

Behavior in normal and MBSFN subframes:

Same behavior in normal and MBSFN subframes.
We prefer to have the same behavior in normal as well as MBSFN subframes. In particular, this means that the same type of RS (DM-RS) should be used for channel estimation in both types of subframes. 

RS to be used:
RS pattern for R-PDCCH is fixed.

In order to simplify relay implementation, we prefer that a fixed type of RS be used for R-PDCCH; ie that the type of RS is not configurable by the eNB. 

If CRS is transmitted in other than 1st/2nd OFDM symbol in MBSFN subframes with no MBSFN transmission, we prefer regular CRS pattern.

As mentioned earlier, however, we prefer that the same type of RS be used in MBSFN as well as non-MBSFN subframes. A consequence is that we prefer to use DM-RS to demodulate the R-PDCCH. We would like to note that use of CRS for R-PDCCH would not only require use of different RS types in different situations or eNB configurations; it may also result in the use of different RS types on different RBs, since the relay node would have to demodulate R-PDCCH in some RBs and R-PDSCH in other RBs.

Using DM-RS on R-PDCCH also allows a relay node to obtain some precoding gain in case only one or a small number of relay nodes need to be scheduled. If there are more relay nodes to be scheduled, we would allow the corresponding PDCCHs to be multiplexed in the same RBs, which would of course result in the reduction or elimination of precoding gain in this case.
Restricted number of R-PDCCHs can be multiplexed within a PRB pair.  

In order to limit the number of blind decodes, we prefer to limit the the number of R-PDCCHs to be multiplexed in the control region.



Alcatel-Lucent and Alcatel-Lucent Shanghai Bell
	Could you provide your thinking on the relation among following points?
In case of multiple options in a bullet is supported, do you have some idea on the restriction on the combinations to reduce the complexity? If pictures are provided, it is really useful. Intention is to understand each company's opinion toward January.

- Interleaving (all, a few, no interleaving etc)

- In case of interleaving support, what is the one unit size of the interleaving? (CCE?, REG? Fixed size or variable depending on something related to RE number in a PRB/slot size? Or something else?)
[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.  The interleaving is not necessary.   
- R-PDCCH placement in frequency domain (frequency distributed, localized)
[ALU/ASB] Localized. 
- R-PDCCH region (FDM+TDM, FDM...) from eNB perspective and from RN perspective
- In case of FDM+TDM, what is the time duration of the relay control region within a PRB pair? 

- In case of FDM+TDM, how are the remaining OFDM symbols in a PRB pair allocated/utilized? Is there some restriction on the assignment? This is especially in case of DMRS based demodulation.
[ALU/ASB] FDM is preferred.  FDM+TDM is acceptable when FDM is a special case cross all symbols.
- RS (DM-RS, CRS)
- RS for R-PDCCH – configurable by the donor eNB or fixed?
[ALU/ASB] RS is configured by eNB based on transmission mode
- If CRS is transmitted in other than 1st/2nd OFDM symbol in MBSFN subframe (but no MBSFN transmission), how it is transmitted?
[ALU/ASB] Rel-8 CRS configuration

- In case of DM-RS, can multiple (a part of) R-PDCCHs be multiplexed in the control region within a PRB pair? In case of multiple R-PDCCH, are there some restrictions?

[ALU/ASB] R-PDCCH is preferred to be FDM in resource allocation and one R-PDCCH should be sufficient.  No need of multiplexing multiple R-PDCCH. 
- Behaviour is different between normal subframe and MBSFN subframe (but no MBSFN transmission)?

- If there is some restriction, what kind of the restriction do you have in mind?

[ALU/ASB] MBSFN subframe should be avoided to be configured.  



Motorola
	Could you provide your thinking on the relation among following points?
In case of multiple options in a bullet is supported, do you have some idea on the restriction on the combinations to reduce the complexity? If pictures are provided, it is really useful. Intention is to understand each company's opinion toward January.

- Interleaving (all, a few, no interleaving etc)

- In case of interleaving support, what is the one unit size of the interleaving? (CCE?, REG? Fixed size or variable depending on something related to RE number in a PRB/slot size? Or something else?)

Mot>> RPDCCH corresponding to two different Relays are not multiplexed in the same PRB. Note that the uplink and downlink RPDCCH addressed to the same Relay can be interleaved together in the PRB or instead a single RPDCCH can contain the uplink and downlink scheduling information for a Relay.

- R-PDCCH placement in frequency domain (frequency distributed, localized)

Mot>> Both frequency distributed and localized R-PDCCH is supported.
- R-PDCCH region (FDM+TDM, FDM...) from eNB perspective and from RN perspective
- In case of FDM+TDM, what is the time duration of the relay control region within a PRB pair? 

- In case of FDM+TDM, how are the remaining OFDM symbols in a PRB pair allocated/utilized? Is there some restriction on the assignment? This is especially in case of DMRS based demodulation.

Mot>> FDM + TDM from eNB perspective is supported to enable early decoding. The R-PDCCH is limited to within the first slot with exact duration FFS. In this case, the remaining OFDM symbols in the PRB pair can be allocated to the corresponding RPDSCH.

- RS (DM-RS, CRS)


 
- RS for R-PDCCH – configurable by the donor eNB or fixed?

- If CRS is transmitted in other than 1st/2nd OFDM symbol in MBSFN subframe (but no MBSFN transmission), how it is transmitted?

- In case of DM-RS, can multiple (a part of) R-PDCCHs be multiplexed in the control region within a PRB pair? In case of multiple R-PDCCH, are there some restrictions?

- Behaviour is different between normal subframe and MBSFN subframe (but no MBSFN transmission)?

- If there is some restriction, what kind of the restriction do you have in mind?

Mot>> We have a slight preference towards using DM-RS for RPDCCH. CRS-based RPDCCH demodulation can also be considered if sufficient RS are made available to enable early decoding. As discussed above, the uplink and downlink RPDCCH addressed to the same Relay can be interleaved together. We prefer to specify the same behaviour irrespective of normal or MBSFN subframe. 




CMCC
	Could you provide your thinking on the relation among following points?
In case of multiple options in a bullet is supported, do you have some idea on the restriction on the combinations to reduce the complexity? If pictures are provided, it is really useful. Intention is to understand each company's opinion toward January.

- Interleaving (all, a few, no interleaving etc)

- In case of interleaving support, what is the one unit size of the interleaving? (CCE?, REG? Fixed size or variable depending on something related to RE number in a PRB/slot size? Or something else?)
[CMCC] interleaving, CCE is reused as in R8 and variable size as R8 is preferred.

- R-PDCCH placement in frequency domain (frequency distributed, localized)

- R-PDCCH region (FDM+TDM, FDM...) from eNB perspective and from RN perspective
- In case of FDM+TDM, what is the time duration of the relay control region within a PRB pair? 

- In case of FDM+TDM, how are the remaining OFDM symbols in a PRB pair allocated/utilized? Is there some restriction on the assignment? This is especially in case of DMRS based demodulation.

[CMCC] FDM only, then no matter regular subframe or MBSFN subframe is configured as eNB-RN transmission, one mechanism is enough, which is illustrated in contribution R1-091831.

- RS (DM-RS, CRS)
- RS for R-PDCCH – configurable by the donor eNB or fixed?

- If CRS is transmitted in other than 1st/2nd OFDM symbol in MBSFN subframe (but no MBSFN transmission), how it is transmitted?

- In case of DM-RS, can multiple (a part of) R-PDCCHs be multiplexed in the control region within a PRB pair? In case of multiple R-PDCCH, are there some restrictions?

[CMCC] Jointly considering the PDCCH mapping mechanism and different kind of Relay, CRS should be adopted for R-PDCCH and configurable by the donor eNB. 

- Behaviour is different between normal subframe and MBSFN subframe (but no MBSFN transmission)?

- If there is some restriction, what kind of the restriction do you have in mind?

[CMCC] for MBSFN subframe, there is enough freedom to have a new RS pattern designed or reuse existed CRS pattern by time offset. However, in regular subframe, special attention should be paid to the demodulation requirement of the backhaul link and backward compatibility.




Texas Instruments
	Could you provide your thinking on the relation among following points?
In case of multiple options in a bullet is supported, do you have some idea on the restriction on the combinations to reduce the complexity? If pictures are provided, it is really useful. Intention is to understand each company's opinion toward January.

- Interleaving (all, a few, no interleaving etc)

- In case of interleaving support, what is the one unit size of the interleaving? (CCE?, REG? Fixed size or variable depending on something related to RE number in a PRB/slot size? Or something else?)

[Texas Instruments] Interleaving for one RN could be considered. Interleaving between R-PDCCHs for different RNs may not be desirable because it is related to the RS used for demodulation. If CRS does not give satisfactory performance then DMRS shall be used. Therefore, if interleaving is performed across R-PDCCHs of different RNs precoding may not be used in the DMRS. 

- R-PDCCH placement in frequency domain (frequency distributed, localized)

[Texas Instruments] Within the relay control region the placement can be frequency distributed or localized. 

- R-PDCCH region (FDM+TDM, FDM...) from eNB perspective and from RN perspective
- In case of FDM+TDM, what is the time duration of the relay control region within a PRB pair? 

- In case of FDM+TDM, how are the remaining OFDM symbols in a PRB pair allocated/utilized? Is there some restriction on the assignment? This is especially in case of DMRS based demodulation.

[Texas Instruments] Our initial preference is for FDM+TDM because it has the least impact on decoder timing budget constraints. The relay control region may be limited to the first slot, while all other OFDM symbols of the subframe can be allocated to the R-PDSCH. 

- RS (DM-RS, CRS)


 
- RS for R-PDCCH – configurable by the donor eNB or fixed?

- If CRS is transmitted in other than 1st/2nd OFDM symbol in MBSFN subframe (but no MBSFN transmission), how it is transmitted?

- In case of DM-RS, can multiple (a part of) R-PDCCHs be multiplexed in the control region within a PRB pair? In case of multiple R-PDCCH, are there some restrictions?

- Behaviour is different between normal subframe and MBSFN subframe (but no MBSFN transmission)?

- If there is some restriction, what kind of the restriction do you have in mind?
[Texas Instruments] The same behaviour is preferable irrespective of the subframe type. 




ETRI

	Could you provide your thinking on the relation among following points?
In case of multiple options in a bullet is supported, do you have some idea on the restriction on the combinations to reduce the complexity? If pictures are provided, it is really useful. Intention is to understand each company's opinion toward January.

- Interleaving (all, a few, no interleaving etc)

- In case of interleaving support, what is the one unit size of the interleaving? (CCE?, REG? Fixed size or variable depending on something related to RE number in a PRB/slot size? Or something else?)

[ETRI] We support interleaving when CRS is used for R-PDCCH demodulation. The unit size of interleaving is FFS.
- R-PDCCH placement in frequency domain (frequency distributed, localized)

[ETRI] We support both frequency distributed and localized placements.
- R-PDCCH region (FDM+TDM, FDM...) from eNB perspective and from RN perspective
- In case of FDM+TDM, what is the time duration of the relay control region within a PRB pair? 

- In case of FDM+TDM, how are the remaining OFDM symbols in a PRB pair allocated/utilized? Is there some restriction on the assignment? This is especially in case of DMRS based demodulation.

[ETRI] We prefer FDM.
- RS (DM-RS, CRS)

- RS for R-PDCCH – configurable by the donor eNB or fixed?

- If CRS is transmitted in other than 1st/2nd OFDM symbol in MBSFN subframe (but no MBSFN transmission), how it is transmitted?

- In case of DM-RS, can multiple (a part of) R-PDCCHs be multiplexed in the control region within a PRB pair? In case of multiple R-PDCCH, are there some restrictions?

[ETRI] We support both DM-RS and CRS. The donor eNB configures RS for R-PDCCH demodulation. When CRS is configured, it shall be transmitted within the PRB pairs where R-PDCCH is transmitted. For DM-RS, R-PDCCH multiplexing is FFS.
- Behaviour is different between normal subframe and MBSFN subframe (but no MBSFN transmission)?

- If there is some restriction, what kind of the restriction do you have in mind?

[ETRI] Same behaviour in normal and MBSNF subframes is preferred.



	


	


	


