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1. Introduction
The basic structure of non-interleaving R-PDCCH search space was agreed in RAN1#62 [1]. In addition, some details of non-interleaving R-PDCCH were agreed in [2] during the email approval process.
This contribution provides our view on the remaining details in non-interleaving R-PDCCH search space and Un PDSCH transmission. Some other related topics are discussed in [3, 4].
2. Discussions
2.1. Starting position of R-PDCCH candidates
There are several remaining issues about the starting position of R-PDCCH candidates in the agreement made in [1]. One is the possibility of an additional semi-static offset to the starting position of each R-PDCCH position candidate. We think that this offset is considered in order to reduce the blocking probability of R-PDCCH transmission; if a search space is shared by multiple RNs, applying different offset values renders different RNs to different set of candidate positions. However, as the offset is applied in a semi-static manner, an equivalent effect can be obtained by manipulating the set of VRBs for each search space such that one search space partially overlaps the others. Therefore, the semi-static offset to the starting position is unnecessary in defining the search space of non-interleaving R-PDCCH.
Another topic is whether to apply Rel-8 hashing function, and we think that any kind of dynamic search space change is not beneficial in exploiting the frequency selective scheduling gain in R-PDCCH transmission. To be specific, if the hashing function is used, eNB cannot keep using a good subband for R-PDCCH transmission in a relatively long period as the search space is reconfigured subframe-by-subframe. So, we propose to confirm the working assumption that the Rel-8 hashing function is not used.
Proposal 1: R-PDCCH candidate m at aggregation level L comprises L R-PDCCH VRBs with indices of (L * m + i) mod N, where i = 0, 1, …, L - 1. No additional offset or hashing function is applied.

2.2. R-PDCCH VRB to PRB mapping in case of RBG size of 3

Another FFS point in the agreement is R-PDCCH VRB to PRB mapping when one RBG consists of 3 PRB pairs. As identified in [5], if resource allocation type 0 is used for R-PDCCH VRB to PRB mapping in case of RBG size of 3, some of R-PDCCH candidates for aggregation level 2 are not guaranteed to have two contiguous PRBs. The left VRB to PRB mapping in Figure 1 shows such an example; in this figure, two PRBs assigned to candidate #1 (and candidate #4) are separated in the frequency domain, so frequency localized R-PDCCH transmission becomes impossible with this candidate. This will lead to the reduction of the number of “effective” R-PDCCH candidates, thereby reducing the frequency selective scheduling gain and increasing the R-PDCCH blocking probability. One possible way to avoid this situation would be to use another resource allocation type, but we observe that
· For type 1, the RBG selection is restricted due to the property of the RBG subset indication. Moreover, this allocation type is set to false in the feature group indication in Rel-8. This means that it is uncertain whether its implementation will be mandated or not in Rel-10 timeframe.
· For type 2 with LVRB, the frequency selection gain shrinks significantly as all the configured PRBs are localized.

· For type 2 with DVRB, only frequency distributed R-PDCCH placement is possible for aggregation level 2 or higher.

An alternative to solve this problem is to use only two PRBs from one RBG in mapping R-PDCCH VRB to PRB as in the right VRB to PRB mapping in Figure 1. By this simple modification of the mapping rule, frequency localized R-PDCCH transmission is always ensured for aggregation level 2. 
Proposal 2: When resource allocation type 0 is used for R-PDCCH search space configuration, only two PRB pairs are used in a RBG if one RBG has three PRB pairs.
[image: image1.emf]VRB

#0

#1

#2

#3

#4

#5

#6

0

1

2

3

0

1

2

0

0

#0

#1

#11

PRB

#12

3

#13

#14

#2

#3

#4

#5

#6

#7

#8

#9

#10

#11

#7

4

5

#0

#1

#2

#3

#4

#5

#6

#7

0

1

2

3

4

5

0

1

2

0

1

0

0

1

2

3

4

5

0

1

2

0

0

1

1 0

0

0

0

#0

#1

#2

#3

#4

#5

#6

#7

RBG#0

RBG#1

RBG#2

RBG#3

#8

#9

#10

#11

VRB

3

3

PRB

0

0

0

0

0

1

1

RBG#0

RBG#1

RBG#2

RBG#3

0

1

0

3

2

4

5

3

1

1

1

2

#8

#9

#10

#11

4

5

4

4

5

RBG#5

RBG#4

RBG#6

#15

#16

#17

#18

#19

#20

4

RBG#4

RBG#5

5

#12

#13

#14

#15

#16

#17

l

e

v

e

l

 

1

l

e

v

e

l

 

2

l

e

v

e

l

 

4

l

e

v

e

l

 

8

l

e

v

e

l

 

1

l

e

v

e

l

 

2

l

e

v

e

l

 

4

l

e

v

e

l

 

8

l

e

v

e

l

 

1

l

e

v

e

l

 

2

l

e

v

e

l

 

4

l

e

v

e

l

 

8

l

e

v

e

l

 

1

l

e

v

e

l

 

2

l

e

v

e

l

 

4

l

e

v

e

l

 

8


Figure 1. (Figure 3 in [5]) Comparison of R-PDCCH VRB to PRB mapping with and without the proposed modification.
2.3. Placement of DL assignment and UL grant

One topic discussed during RAN1#62bis was how to place DL assignment and UL grant targeting the same RN (e.g., [6]). The following two options have been considered:
Option 1) RN always does blind decoding in both first and second slot.

· RN has no information about the location of UL grant all the time.

Option 2) RN does blind decoding in the second slot if DL assignment is not detected.

· If DL assignment is detected, RN knows where UL grant is transmitted (if exists) by the restriction that UL grant is transmitted in the PRB pair containing DL assignment targeting the RN.

Each option has its own pros and cons. In Option 1, blind decoding for DL assignment and UL grant are independent. Thus, false detection of DL assignment does not affect UL grant search. However, this requires full blind decoding in the second slot, and false detection of UL grant may affect PDSCH assignment. To be specific, if RN falsely detects UL grant in a PRB pair which is assigned to PDSCH by the detected DL assignment, it will assume that no PDSCH is mapped to that PRB pair, thereby leading to a HARQ error. 
In Option 2, the location of UL grant is determined by the decoding result of DL assignment. Thus, such a HARQ error can be avoided as RN does not perform blind decoding in the second slot whenever DL assignment is detected. In addition, this option is beneficial in that the channel estimator designed for PDSCH (e.g., 2D-MMSE channel estimator considering RB bundling) can be reused in decoding UL grant. As a result, a better channel estimation can be done, especially in DM RS case, in the second slot without increasing the RN implementation complexity. Note that, in Option 1, the channel estimation in the second slot should be done at every R-PDCCH candidate in the search space, which implies that a number of parallel channel estimations should be implemented in the second slot as well as in the first slot. One drawback of Option 2 is that false detection of DL assignment can result in UL grant missing.
We believe that selection between the two options should be left as a RN implementation issue. In order to support both options in the specification, the following assumption is necessary:
RN may assume that UL grant (if exists) is transmitted in the PRB pairs in which DL assignment is detected but PDSCH is not assigned.

If RN disregards this assumption, i.e., it does not relate the location of UL grant to that of DL assignment, the implementation becomes Option 1. If RN follows this assumption, i.e., it determines the location of UL grant after decoding its DL assignment, the implementation becomes Option 2.
One may have concern that this assumption imposes restrictions on the eNB scheduler. However, our understanding is that this restriction does not cause any drawback in Un link. There is no benefit in separating DL assignment and UL grant targeting the same RN. As exemplified in Figure 2, such a separation wastes some RBs in the first slot of the PRB pairs that contain the separated UL grant. This is because the current agreement is that no PDSCH can be mapped to the first slot if the second slot is used for UL grant transmission. Note that this applies to both CRS and DM RS based R-PDCCH.
Proposal 3: When a RN detects DL assignment, RN may assume that UL grant (if exists) is transmitted in the PRB pairs in which DL assignment is detected but PDSCH is not assigned.
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Figure 2. An example of separating DL assignment and UL grant.

2.4. Number of R-PDCCH candidates

One remaining issue in the agreed WF in [2] is M(L), the number of R-PDCCH candidates for aggregation level L. A number of options are listed in [2], and one down-selection criterion would be that the number of blind decoding is similar to that of Rel-10 UE having a similar configuration (e.g., the number of component carrier, UL MIMO configuration, etc.). We are of the opinion that the number of RN blind decoding can be comparable to that of a Rel-10 UE which has one component carrier and is configured to use UL MIMO. The current agreement is that such a UE performs 60 blind decoding trials.
As the R-PDCCH search space is divided by the slot boundary, RN can perform 60 blind decoding trials for each slot. This implies that there are 30 candidates in each slot, which corresponds to Option A where M(L) = 16, 8, 4, 2 for L = 1, 2, 4, 8. One characteristic of this design is that the search space of each the aggregation level occupies the same set of RBs as illustrated in Figure 3. This could be beneficial in managing R-PDCCH resource as the potential R-PDCCH transmission region is independent of the aggregation level.

This option requires 120 blind decoding trials per subframe. If this is deemed to be too excessive, then the candidates number can be halved, i.e., M(L) = 8, 4, 2, 1 for L = 1, 2, 4, 8.

Proposal 4: Number of R-PDCCH candidates is given by M(L)=16, 8, 4, 2 for L=1, 2, 4, 8, respectively. If this is too excessive, M(L)=8, 4, 2, 1 can be considered.
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Figure 3. The search space structure in case of M(L) = 16, 8, 4, 2, for L = 1, 2, 4, 8.

2.5. DM RS overhead assumption in decoding DL assignment

RAN1 had an email discussion “[62bis-05-LTE-A] - R1-105816 Proposal on non-interleaving R-PDCCH,” and the topic was how RN assumes the DM RS overhead in decoding DL assignment in the first slot when DM RS is configured for PDSCH demodulation. Any assumption is needed on the DM RS overhead to avoid blind decoding across different transmission rank of PDSCH in the second slot. This is because RN does not know the actual transmission rank of PDSCH before decoding DL assignment.

If eNB has two transmit antennas or RN is equipped with two receive antennas, the maximum transmission rank is limited to 2. So, it is enough to assume ports {7, 8} in decoding DL assignment in this case. In other cases, the DM RS ports that appear in the first slot can be changed between {7, 8} and {7, 8, 9, 10} (from the DM RS overhead perspective) depending on the actual transmission rank in the second slot. Here, reserving ports {7, 8, 9, 10} is needed to enable dynamic rank adaptation in the second slot while transmission rank 3 or higher can be done in PRB pairs other than those containing R-PDCCH if ports {7, 8} are reserved.

We can find that, at least from the specification perspective, we need two different DM RS overhead assumptions:

A1) Reserving ports {7, 8} in the first slot.

A2) Reserving ports {7, 8, 9, 10} in the first slot.

The remaining issue is how to select one out of the two assumptions. There have been proposed two options during the email discussion:

Option 1) Selection from the maximum possible transmission rank

Option 2) Selection via high-layer signaling

In Option 1, A2 is selected if both of eNB and RN antenna number are greater than or equal to 4; A1 is selected otherwise. Thus, from the RN implementation perspective, a RN having two receive antenna needs to implement only A1 but other RNs should implement both A1 and A2 as the final selection is dependent of the eNB transmit antenna number. In Option 2, all the RNs should implement A1 and A2.

From this discussion, Option 1 and 2 are quite close to each other from the viewpoint of the specification and implementation. Then, considering that Un link having high LOS component is not likely to support rank 3+, it would be beneficial to adopt Option 2 in order to allow eNB to adjust the DM RS overhead according to the channel condition. By this semi-static configuration between A1 and A2, we can save up to 6 REs in the first slot (6 REs/38 REs ≈ 16% in normal CP with 4 RE CRS overhead) depending on the backhaul link channel condition. One drawback of this option is that there would be some ambiguity during the reconfiguration of DM RS overhead assumption but, considering the static channel of fixed relays, the DM RS overhead assumption does not need to be changed frequently. In addition, RN already has a number of configurable parameters such as R-PDCCH demodulation RS and R-PDCCH interleaving type and, without having exact knowledge for these parameters, RN cannot decode any R-PDCCH with a limited number of blind decoding.

Proposal 5: If Un PDSCH transmission mode is based on Rel-10 DM RS, 1-bit higher layer signaling is used to indicate whether antenna ports {7, 8} or {7, 8, 9, 10} are reserved (not used) in the first slot of R-PDCCH RB pairs used for R-PDCCH transmission.
2.6. Antenna port and scramble ID for the demodulation of DM-RS based R-PDCCH

When RN is configured to use DM-RS for the R-PDCCH demodulation, RN needs to know the antenna port and scramble ID (SCID) that are used for the R-PDCCH transmission by the eNB; otherwise, RN has to perform blind decoding across different antenna ports and/or scramble ID, which will increase the overall blind decoding number. In order to avoid an excessive number of blind decoding, it is desirable for RN to assume one antenna port with one scramble ID whenever it decodes DM-RS based R-PDCCH.

Two options have been considered for this topic during the email discussion.

Option 1) If DM RS is configured as the RS for R-PDCCH, R-PDCCH is always transmitted using DM RS port 7 with SCID = 0.

Option 2) If DM RS is configured as the RS for R-PDCCH, the antenna port for R-PDCCH is configured by higher layers among port 7 and port 8, with SCID = 0 or 1.

Option 1 has an advantage that it requires no additional higher layer signaling. However, it imposes some restriction in doing MU-MIMO across different RNs. Figure 4 shows such an example. Here, RN1 and RN2 receive rank 2 PDSCH, respectively. As MU-MIMO cannot be applied to R-PDCCH in Option 1, the R-PDCCH for the two RNs is separated in frequency domain, i.e., R-PDCCH for RN1 and RN2 do not overlap each other in frequency domain. On the other hand, PDSCH in the second slot of the R-PDCCH PRB pair is demodulated with port {7,8} with SCID=0 as DM RS in the first slot is scrambled by SCID=0. As a result, PDSCH for RN1 and RN2 should use the same SCID even in the MU-MIMO region, and this will lead to poor channel estimation unless the channels of the two RNs are almost orthogonal (i.e. sufficiently separable just by means of beamforming in the eNB side). One possible way to avoid this situation is to use SCID=1 for PDSCH of a RN, but in this case, R-PDCCH DM RS (port 7 with SCID=0) is interfered by the PDSCH DM RS (port 7 with SCID=1) as the DM RS scramble sequence is not orthogonal. Therefore, if Option 1 is adopted, MU-MIMO pairing is restricted such that two RNs cannot be paired if the second slot of the R-PDCCH PRB pair contains PDSCH.
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Figure 4. An example of MU-MIMO of two RNs in case of Option 1.

This restriction can be resolved by allowing the possibility that the SCID of the second slot of the R-PDCCH PRB pair(s) is different from the SCID of the other PRB pair(s) assigned to PDSCH. For example, RN can assume that the SCID used for R-PDCCH is reused in the second slot of the R-PDCCH PRB pair(s) irrespective of the SCID assigned by the DCI in the R-PDCCH. In this case, the SCID assigned by the DCI is only valid for PRB pair(s) not containing R-PDCCH. Figure 5 shows such an example. Here, both RN1 and RN2 decode the second slot of R-PDCCH PRB pair with SCID=0 which is used for R-PDCCH. In the overlapped resources (i.e., MU-MIMO region), SCID=0 and SCID=1 are assigned to RN1 and RN2 by the corresponding R-PDCCH, respectively. As a result, there is no conflict in doing MU-MIMO for the two RNs.
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Figure 5. An example to resolve the SCID conflict in MU-MIMO in case of Option 1.
In case of Option 2, there is no SCID conflict if one of the two RNs is configured to use SCID=1 by higher layer signaling. This configuration (and the MU-MIMO paring, as a result) cannot be as dynamic as the method exemplified in Figure 5. However, if semi-static MU-MIMO paring is enough in the fixed relay scenario, we can consider Option 2, the semi-static port/SCID configuration, as a viable option. One side-effect of Option 2 is that it becomes possible to apply MU-MIMO for R-PDCCH if there is no concern in guaranteeing the R-PDCCH decoding performance in the presence of multi-user interference.

Proposal 6: If DM RS is configured as the RS for R-PDCCH, 
· the antenna port for R-PDCCH is fixed to port 7 with SCID=0, with demodulating PDSCH in the second slot of the R-PDCCH PRB pair(s) with SCID=0 irrespective of the SCID assignment in DCI, or

· the antenna port for R-PDCCH is configured by higher layers among port 7 and port 8, with SCID = 0 or 1.
3. Conclusion
In this contribution, we discussed about some remaining issues in non-interleaving R-PDCCH and made the following proposals:
Proposal 1: R-PDCCH candidate m at aggregation level L comprises L R-PDCCH VRBs with indices of (L * m + i) mod N, where i = 0, 1, …, L - 1. No additional offset or hashing function is applied.

Proposal 2: When resource allocation type 0 is used for R-PDCCH search space configuration, only two PRB pairs are used in a RBG if one RBG has three PRB pairs.

Proposal 3: When a RN detects DL assignment, RN may assume that UL grant (if exists) is transmitted in the PRB pairs in which DL assignment is detected but PDSCH is not assigned.

Proposal 4: Number of R-PDCCH candidates is given by M(L)=16, 8, 4, 2 for L=1, 2, 4, 8, respectively. If this is too excessive, M(L)=8, 4, 2, 1 can be considered.
Proposal 5: If Un PDSCH transmission mode is based on Rel-10 DM RS, 1-bit higher layer signaling is used to indicate whether antenna ports {7, 8} or {7, 8, 9, 10} are reserved (not used) in the first slot of R-PDCCH RB pairs used for R-PDCCH transmission.
Proposal 6: If DM RS is configured as the RS for R-PDCCH, 

· the antenna port for R-PDCCH is fixed to port 7 with SCID=0, with demodulating PDSCH in the second slot of the R-PDCCH PRB pair(s) with SCID=0 irrespective of the SCID assignment in DCI, or

· the antenna port for R-PDCCH is configured by higher layers among port 7 and port 8, with SCID = 0 or 1.
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