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1. Introduction
In RAN1#62, two WF were proposed to design the search space of non-interleaved R-PDCCH. 

WF proposed in [1]:

· One R-PDCCH with aggregation level L consists of L PRBs.
· PRB size (counted in number of REs) depends on the number of available OFDM symbols and the RS overhead assumption at RN.
· FFS on the exact set of supported PRB size. 
· R-PDCCH search space of R-PDCCH aggregation level L is defined by a set of VRB indices {nL,1, nL,2, …, nL,M(L)} and the R-PDCCH resource allocation type.
· RRC signaling is used for the configuration.
· One configuration applies to both first and second slot.
· M(L) denotes the maximum number of blind decoding for aggregation level L.
· L consecutive VRBs starting from nL,k (k=1, 2, …, M(L)) constitute a valid R-PDCCH candidate.
· VRBs are mapped to PRBs according to the configured resource allocation type.
· Rel-8 LVRB and DVRB mapping rules are available.
· It should be guaranteed that the search space in the first slot is a super set of the search space in the second slot.
WF proposed in [2]:
· Common search space is not supported for R-PDCCH in Rel-10 

· Set of R-PDCCH VRBs for DL grants and UL grants are semi-statically configured by higher layers on a RN specific basis

· It is possible to configure multiple RNs to share the R-PDCCH VRBs

· In each slot within the configured VRB set and for each supported aggregation level L = {1, 2, 4, 8}, M(L) R-PDCCH candidates are defined from the VRB with lowest frequency index

· Every L consecutive VRBs within the configured VRB set is a valid R-PDCCH candidate

· FFS maximum number of R-PDCCH blind decodings in a subframe 

This contribution provides our view on the two WF and the search space of non-interleaved R-PDCCH including how to search UL grant.

2. Comparison of the Two WF
We discuss in this section about the commonality and difference of the proposals in the two WF.
2.1. Commonality
The most important commonality is that a valid R-PDCCH candidate is defined in terms of VRB in the logical RB domain. In both WF, a valid candidate of R-PDCCH aggregation level L consists of L VRBs. The search space is the set of candidate positions of R-PDCCH, and to define one valid candidate is to assign DL resource, which will be used if that candidate is used for the actual transmission, to one R-PDCCH. From this perspective, R-PDCCH can be treated as a PDSCH in defining the corresponding DL resource because it is transmitted after the PDCCH region. By defining the position of R-PDCCH candidate in terms of VRB, we can make the R-PDCCH transmission compatible with that of PDSCH. In other words, when the eNB scheduler performs DL scheduling, R-PDCCH targeting a RN is seen as a normal PDSCH from the other RNs’ and UEs’ perspective. As a result, it becomes easier to multiplex R-PDCCH and PDSCH flexibly.

Observation 1: It is proposed in both WF that R-PDCCH search space is defined in terms of VRB.
As R-PDCCH is defined in terms of VRB, a resource mapping rule is required to map the VRB(s) to physical RB(s). Regarding this, both WF proposed to use the two Rel-8 resource mapping rules – localized and distributed VRB mapping rules. We think that this is the most prominent way of implementing the agreement made in RAN1#59bis [3]:
-
Both frequency distributed and frequency localized R-PDCCH placement are supported.
And this is also in line with the above-mentioned motivation that R-PDCCH transmission needs to be compatible with PDSCH resource assignment. Using Rel-8 resource mapping rule is especially helpful in case of distributed R-PDCCH placement because any VRB distribution mapping other than the existing DVRB rule can cause conflict with other PDSCH transmission.
Observation 2: It is proposed in both WF that VRBs constituting an R-PDCCH candidate are mapped to PRBs according to Rel-8 LVRB or DVRB mapping rule.

2.2. Difference
Although the two WF share some commonality in the design principle, there exist some differences between them. One of the biggest differences is that consecutive VRBs are used to define a R-PDCCH candidate in [1] while there is no such limitation in [2]. According to [1], R-PDCCH with aggregation level L is made of VRBs n, n+1, …, n+L-1. This can be interpreted as one R-PDCCH candidate follows the PDSCH resource allocation type 2 with a starting RB index n and the length of contiguously allocated RBs L. In [2], on the other hand, VRBs consecutive within a pre-defined set are used for a R-PDCCH candidate and these VRBs are not necessarily consecutive in VRB domain; In other words, R-PDCCH with aggregation level L is made of VRBs n, n+m1, …, n+mL-1 where all these L VRBs are adjacent to each other in the pre-defined VRB set but it is possible to have m1, …, mL-1 that are larger than 1 depending on the VRB set configuration.
In general, using non-consecutive VRBs for a R-PDCCH has negative impact on R-PDCCH search space design. This is because using non-consecutive VRBs for a R-PDCCH is not in line with the above motivation that R-PDCCH transmission is seen as a normal PDSCH scheduling. To be specific, in case of LVRB mapping, non-consecutive VRBs are not able to form a “frequency localized” R-PDCCH; PRBs of a R-PDCCH are not fully localized in any case. In case of DVRB mapping, non-consecutive VRBs may be mapped to consecutive PRBs. For example, as shown in Table 1, VRB n and n+4 are mapped to consecutive PRBs. In contrast, consecutive VRBs are guaranteed to be distributed to well-separated PRBs. Therefore, we propose to use consecutive VRBs to form a R-PDCCH candidate in order to ensure the frequency localized or distributed nature of the R-PDCCH placement. As noted above, this proposal is nothing but to use PDSCH resource allocation type 2 in defining each R-PDCCH candidate, so it is more compatible with other PDSCH in terms of DL resource assignment.
Proposal 1: A position candidate of R-PDCCH with aggregation level L is made of L consecutive VRBs.

Table 1. VRB-to-PRB mapping for the system bandwidth of 36 RBs.

	PRB
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17

	VRB
(1st slot)
	0
	4
	8
	12
	16
	20
	24
	28
	32
	1
	5
	9
	13
	17
	21
	25
	29
	33

	VRB
(2st slot)
	2
	6
	10
	14
	18
	22
	26
	30
	34
	3
	7
	11
	15
	19
	23
	27
	31
	35

	PRB
	18
	19
	20
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30
	31
	32
	33
	34
	35

	VRB
(1st slot)
	2
	6
	10
	14
	18
	22
	26
	30
	34
	3
	7
	11
	15
	19
	23
	27
	31
	35

	VRB
(2st slot)
	0
	4
	8
	12
	16
	20
	24
	28
	32
	1
	5
	9
	13
	17
	21
	25
	29
	33


Another difference between the two WF is how to construct R-PDCCH with aggregation level 2 or higher. In [2], the R-PDCCH construction should use a pre-defined set of VRBs which is independent of the aggregation level. As a result, the proposal in [2] leads to an undesirable search space design in case of LVRB mapping as detailed in the following: From the viewpoint of R-PDCCH aggregation level 1, in order to maximize the frequency selection gain, it is desirable to distribute each position candidate uniformly over the entire system bandwidth as illustrated in Figure 1(a). This means that the pre-defined VRBs need to be well-separated with each other. On the other hand, from the view point of R-PDCCH aggregation level L>1, it is desirable to place L VRBs for a R-PDCCH in consecutive PRBs while each group of L consecutive PRBs are uniformly distributed over the system bandwidth to ensure the freedom of frequency selection as illustrated in Figure 1(b). This means that some of the pre-defined VRBs need to be localized. Unfortunately, these two R-PDCCH search space construction criteria contradict each other.
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Figure 1. An example of desirable R-PDCCH search space design for (a) aggregation level 1 and (b) aggregation level 2 (different color denotes PRBs used for difference R-PDCCH candidate).
The above-mentioned contradiction disappears if it is allowed to use different set of VRBs for different aggregation level. Given that Proposal 1 is agreed, it is enough to define the starting RB index of each R-PDCCH candidate to complete the search space design.
Proposal 2: eNB informs RN of the starting RB index for each R-PDCCH position candidate.
One issue which was not covered by the two WF is the modulation and precoding scheme of R-PDCCH. Regarding the modulation, it was agreed in [4] that QPSK is the baseline and we think that this baseline can be confirmed for the reliability of R-PDCCH. Regarding the precoding, one of the schemes defined for PDSCH can be used. To be specific, for the CRS case, as no PMI is available in decoding R-PDCCH, it is reasonable to use the transmission diversity scheme to exploit the spatial diversity (Section 6.3.4.3. of TS 36.211). For the DM RS case, as rank 1 for a given RN is the working assumption [5], it is reasonable to adopt the single-antenna port scheme (Section 6.3.4.1 of TS 36.211) with an antenna port and a scramble ID that are configured by high layers along with the search space configurations.
Proposal 3: For precoding of non-interleaved R-PDCCH, the transmission diversity scheme is used in case CRS. In case of DM RS, the single-antenna port scheme is used with an antenna port and a scramble ID that are configured by high layers.
3. UL Grant Search Space
One open issue during the email discussion after RAN1#62 was where to place UL grant in case where there exists DL grant targeting the same RN. This issue is related to whether RN blindly decodes UL grant or derive the location of UL grant from a restriction in placing DL and UL grant. In any case, UL grant search space should be defined in the second slot under the understanding that search space means the maximum set of R-PDCCH candidates.
In designing UL grant search space, it seems that there is no reason to make the search space of UL grant different from that of DL grant. As long as non-interleaved R-PDCCH is concerned, one typical eNB operation is to place DL and UL grants targeting the same RN in PRB pair(s) with good channel condition. Even in case of distributed R-PDCCH placement, there is no gain to place DL and UL grants in different PRB pair(s). On the other hand, we can expect undesirable properties if DL and UL grant search space are designed to be located in different PRB pairs.

· When no DL grant search space is defined in a PRB pair used for UL grant search space 

An example is the PRB pair marked in red in Figure 2. In this case, the PRB in the first slot cannot be used for any purpose.
· When no UL grant search space is defined in a PRB pair used for DL grant search space 

An example is the PRB pair marked in blue in Figure 2. In this case, the search space is useful only for RNs having the DL grant alone. For other cases, UL grant targeting the same RN should be transmitted somewhere else but this operation is likely to waste the first slot resource of UL grant PRB pair with suffering from unfavorable channel condition.
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Figure 2. An example of using different PRB pair for DL and UL grant search spaces.

In order to resolve the above problems, we propose to define DL and UL grant search spaces in the same PRB pairs. In other words, a single search space configuration applies to both first and second slot. We note that, in DL stand-alone subframes in TDD, the R-PDCCH search space is not defined in the second slot.
Proposal 4: A valid candidate of R-PDCCH with aggregation level L is defined the second slot of L PRB pairs if and only if there is defined a valid candidate of R-PDCCH with aggregation level L in the first slot of those L PRB pairs.

Regarding how to search UL Grant, we can consider the following three different options:
· 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 always does blind decoding only in the first slot.

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

· Option 3: RN does blind decoding in the second slot if DL grant is not detected.

· If DL grant is detected, RN knows the location of UL grant (if exists) like in Option 2.

In Option 1, RN wholly relies on blind decoding in detecting UL grant. However, this leads to undesirable restriction in placing R-PDCCH and PDSCH: UL grant and PDSCH cannot coexist within a preferable frequency resource set in resource allocation type 0 and 2. In addition, there exists a non-zero possibility of UL grant false detection which leads to miss-interpretation of DL assignment message. On the other hand, in Option 2 and 3, there is no such restriction because RN knows the location of UL grant (if exists) and UL grant detection result does not affect DL assignment even though UL grant and PDSCH coexist within a frequency resource set. Detailed explanation about the multiplexing of UL grant and PDSCH is provided in [6].
Comparing Option 2 and 3, Option 2 is advantageous in that RN does not need to do blind decoding in the second slot at all. As a result, all the blind decoding capability can be put in the first slot in order to increase the number of R-PDCCH candidates which will lead to more frequency selection gain and less blocking probability. In case of UL grant alone in Option 2, eNB can send a DL grant having zero DL resource assignment as discussed in [7]. Option 3 is beneficial in that RN has chance to detect UL grant even though it misses DL grant because RN does blind decoding in the second slot when no DL grant is detected. However, Option 3 has a drawback that RN cannot fully utilize the given blind decoding capability (i.e., the blind decoding circuit for the second slot is activated only when no DL grant is detected). Considering that R-PDCCH decoding error rate is expected to be small and DL resource is more scarce than UL resource, Option 2 is more preferable as RN can fully utilize the blind decoding capability.
Proposal 5: RN always does blind decoding only in the first slot. RN always knows where UL grant is transmitted (if exists) by the restriction that UL grant is transmitted in the PRB pair containing DL grant targeting the RN.
4. Conclusion
In this contribution, we discussed how to design the search space of non-interleaved R-PDCCH. We first compared the two WF proposed in RAN1#62 and observed the following commonalities. 
Observation 1: It is proposed in both WF that R-PDCCH search space is defined in terms of VRB.

Observation 2: It is proposed in both WF that VRBs constituting an R-PDCCH candidate are mapped to PRBs according to Rel-8 LVRB or DVRB mapping rule.
However, we also observed some differences between the two WF, and made the following proposals for the search space of non-interleaved R-PDCCH:

Proposal 1: A position candidate of R-PDCCH with aggregation level L is made of L consecutive VRBs.

Proposal 2: eNB informs RN of the starting RB index for each R-PDCCH position candidate.

Proposal 3: For precoding of non-interleaved R-PDCCH, the transmission diversity scheme is used in case of CRS. In case of DM RS, the single-antenna port scheme is used with an antenna port and a scramble ID that are configured by high layers.
And the following proposals were made regarding how to define UL grant search space and how to detect UL grant:
Proposal 4: A valid candidate of R-PDCCH with aggregation level L is defined the second slot of L PRB pairs if and only if there is defined a valid candidate of R-PDCCH with aggregation level L in the first slot of those L PRB pairs.
Proposal 5: RN always does blind decoding only in the first slot. RN always knows where UL grant is transmitted (if exists) by the restriction that UL grant is transmitted in the PRB pair containing DL grant targeting the RN.
______________________________________________________________________
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Appendix – Text proposal for TS36.216
-------------------------------------------------------------------------------------------------------------------------------
5.5.1
Non-interleaved R-PDCCH formats 

Without interleaving, an R-PDCCH is transmitted on an aggregation of one or several PRBs. The R-PDCCH candidate 
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 contiguous VRBs starting from the VRB index 
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 which is configured by high layers. Whether to use VRBs of localized or distributed type is configured by high layers.
RN shall assume QPSK for modulation. 
RN shall assume the transmission diversity scheme (Section 6.3.4.3 of [3]) for precoding when cell-specific reference signal is configured as the R-PDCCH demodulation reference signal. RN shall assume the single-antenna port scheme (Section 6.3.4.1 of [3]) with an antenna port and a scramble ID that are configured by high layers when UE-specific reference signal is configured as the R-PDCCH demodulation reference signal.
RN shall assume that an R-PDCCH containing an uplink grant is transmitted in the second slot of the PRB pairs which contain at least part of a downlink assignment in the first slot but are not indicated by the resource allocation field. RN shall assume that no R-PDCCH is transmitted in the second slot of any other PRB pairs.
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