
3GPP TSG-RAN WG1 Meeting #68bis
R1-121396
Jeju, Korea, 26th – 30th March 2012
Agenda item:

7.6.1
Source:
Renesas Mobile Europe Ltd.
Title:
Reference signals for ePDCCH
Document for:

Discussion and Decision

1
Introduction

The following agreement was made in RAN1#68 on ePDCCH transmission:

· “At least for the E-PDCCH transmission that supports localized transmission
· Single layer (i.e., rank 1) transmission is supported

· support of 2 layer SU-MIMO is FFS
· rank 3 and 4 SU-MIMO is not supported”

In addition, the following observations we drawn:
· “Further study is needed for example:

· How to determine AP(s) to use ePDCCH detection

· How to determine scrambling sequence for ePDCCH detection

· How to determine the number of AP for ePDCCH

· If and how to support the spatial diversity for distributed transmission

· If and how to use ePDCCH signature for ePDCCH detection”

In this contribution we provide our view on SU-MIMO transmission of ePDCCH and discuss antenna port and scrambling sequence configuration for ePDCCH. Diversity transmission of ePDCCH is discussed in [1].

2
Rank-2 transmission
In the main scenarios of interest, assuming that eCCE size remains roughly comparable to the PDCCH CCE size of 36 REs, the ePDCCH can be transmitted to most UEs using aggregation level 1 (see for example the aggregation level distributions in [2]). From this perspective in principle it could be possible to further increase the spectral efficiency of ePDCCH transmissions by enabling 2-layer SU-MIMO transmission. However, this would only increase the spectral efficiency within the allocated ePDCCH PRB pairs if the resource granularity can be increased, for instance by using only half of the resource otherwise allocated for one eCCE. On the other hand it has also been agreed that antenna ports 7-10 can be used for ePDCCH. Hence if the resource granularity is increased such that more than four ePDCCHs could be transmitted within one PRB pair, the number of available antenna ports will start to be a limiting factor in realizing the gains. Finally, specifying 2-layer SU-MIMO transmission for ePDCCH would require quite significant efforts, for instance revisiting the codeword-to-layer mapping as it needs to be specified how the DCIs would be mapped to multiple layers. 

Hence considering the very limited time available within Release 11 and the small likelihood of actually being able to realize the gains in practice, we do not see that 2-layer SU-MIMO transmission of ePDCCH needs to be supported in Release 11.

Proposal:
· 2-layer SU-MIMO transmission of ePDCCH is not supported in Release 11.

3
Antenna port selection
How to determine the number of antenna ports for ePDCCH detection and how to determine exactly which antenna ports the UE should be monitoring should be basically seen as part of search space definitions. The antenna port allocation also depends on whether localized and distributed ePDCCHs are monitored in completely separate PRB pairs, or in the same PRB pairs. Note that while we do not have a very strong view on this issue, we do see some slight benefits in enabling localized and distributed ePDCCHs to be transmitted within the same PRB pairs [3].

In the following we discuss antenna port allocation for both cases, i.e. separate or common PRB pairs for localized and distributed ePDCCH transmissions.
Option 1: Separate PRB pairs for localized and distributed ePDCCHs.

In this case it is rather clear how the antenna ports are allocated for distributed ePDCCHs. The UE can use antenna port 7 that would be then shared by all UEs monitoring distributed ePDCCHs. The UE-specific RS overhead assumption can be 12 REs instead of full 24 REs. Should transmit diversity schemes be specified for ePDCCH, the UE would use antenna port 8 additionally. Note however that as shown in [1], the power split required for UE-specific RS decreases channel estimation performance such that the possible performance gain due to transmit diversity is lost and in fact an overall loss is observed compared to standard-transparent transmit diversity techniques. For this purpose it has also been proposed earlier that the UE could use antenna ports 7 and 9 instead of antenna ports 7 and 8. While this would improve channel estimation performance, it would also increase the RS overhead from 12 REs to 24 REs, resulting effectively in a performance loss. 
For localized ePDCCHs, there are essentially two approaches:
· Approach 1: This approach is illustrated in Figure 1: Each subset of resource elements within the PRB pair [3] is associated with an antenna port, or possibly with multiple antenna ports where the multiple antenna ports would essentially enable MU-MIMO. The UE could be configured to monitor either only one antenna port out of 7-10, two antenna ports, for example AP7 and AP9 or AP8 and AP10, or all antenna ports 7-10. Which ePDCCH candidates can then be scheduled to the UE depends on which antenna ports the UE is monitoring. For instance, UE monitoring only antenna port 7 could be scheduled with ePDCCH#1 on aggregation level 1, 2, 4 or 8. A UE monitoring both antenna ports 7 and 9 could be scheduled with ePDCCH#1 (AP7) or ePDCCH#3 (AP9) on aggregation level 1, ePDCCH#1 (AP7) or ePDCCH#2 (AP9) on aggregation level 2 or ePDCCH#1 (AP7) on aggregation level 4/8.
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Figure 1. First approach for mapping antenna ports to ePDCCH candidates. Note that with higher aggregation levels, obviously the whole ePDCCH would be transmitted with same precoding and hence only one antenna port per ePDCCH candidate needs to be monitored.
· Approach 2: This is illustrated in Figure 2: Any antenna port may be used to detect ePDCCH transmitted on any resource element subset. UE would likely be configured only with a single antenna port (otherwise the number of blind decoding attempts per PRB pair may be too high). For instance, UE could be configured semi-statically to monitor only AP7, and then search ePDCCH from all ePDCCH candidate locations within the PRB pair. On one hand, if the same antenna port is already utilized by another UE, ePDCCH transmission becomes essentially blocked in the whole PRB pair. On the other hand the UE needs to do ePDCCH reception only using one antenna port which slightly simplifies UE implementation.
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Figure 2. The second approach for mapping antenna ports to different ePDCCH candidates. The UE is configured semi-statically with one antenna port, and essentially any ePDCCH candidate within the PRB pair can be detected using the configured antenna port.
Option 2: Common PRB pairs for localized and distributed ePDCCHs.
If localized and distributed ePDCCHs are transmitted to the UE within the same PRB pair, the UE could be, for example, monitoring antenna port 9 for distributed ePDCCHs (antenna ports 9 and 10 in case of transmit diversity), and one of or both antenna ports 7 and 8 for localized ePDCCHs. This is illustrated in Figure 3. For localized ePDCCH transmissions essentially the same two approaches hold as described above for the case of separate PRBs for localized and distributed ePDCCHs.
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Figure 3. An example of how to map antenna ports to ePDCCH candidates in case both localized and distributed ePDCCH are multiplexed within the same PRB pair.
Clearly with any option there is a tradeoff between UE detection complexity and eNB scheduling flexibility which also translates into blocking probability. Furthermore in Release 8 the hashing function was introduced to reduce blocking probability and whether something similar is needed for ePDCCH and perhaps extending to antenna port domain needs to be further studied. Hence overall which antenna ports the UE should be monitoring should be considered as part of search space design.
Proposal: Antenna port allocation should be further studied as part of search space definitions. Consider at least:
- 
 UE ePDCCH detection complexity

-
Overall blocking probability and ePDCCH scheduling flexibility
-
Need of hashing functions
4
UE-specific RS scrambling sequences
UE-specific RS scrambling sequences for PDSCH were agreed in RAN1#68 as:
· “Enhancement to DMRS sequence in Rel-11 DL-CoMP is supported. 
· The scrambling sequence of DMRS for PDSCH on ports 7~14 is initialized by

[image: image4.wmf](

)

(

)

16

initsSCID

/21212

cnXn

=+×+×+

êú

ëû


· X is a parameter whose value is dynamically chosen from {x(0), x(1), … x(N-1)} for N>1, and x(n) (0<=n<N) are configured by UE-specific RRC signaling.  

· The value of N and details of dynamic selection are FFS.
· X could be dynamic signaling with additional bits of DCI format or 

· Tied to current parameter, e.g., nSCID
· The value range of x(n) (0<=n<N) is FFS.
· Note: Target of harmonization with ePDCCH is FFS 
· Note: Target of minimize the modification of any DCI formats for DM-RS sequence”

However it is open how to define the UE-specific RS scrambling sequences for ePDCCH. Here we can differentiate between localized and distributed ePDCCH transmissions as well as between UE-specific search space and common search space, if common search space is specified.

For localized ePDCCH transmissions, the requirements for the scrambling sequence definition seem to largely follow what is required for UE-specific RS scrambling sequences for PDSCH. In [4] we listed a number of use cases that the scrambling sequences should enable for PDSCH, and most of the use cases are valid also for localized ePDCCH transmissions. In particular, the scrambling sequences should enable spatial reuse of the control resources as agreed as one motivation to specify the enhanced control channel. Obviously, the scrambling sequences should also enable interference randomization between the transmission points. Finally, while there is no agreement to add explicit support of MU-MIMO as such for ePDCCH, orthogonalized antenna ports are anyway needed for multiplexing ePDCCHs intended for multiple UEs within the same PRB pair. Based on this discussion it seems like simply reusing one of the UE-specific RS sequences configured for PDSCH could be one feasible solution. However, unlike for PDSCH reception, there does not seem to be any strong need to have multiple sequences configured for ePDCCH reception, especially given that coscheduling with Release 10 UEs is not a use case for ePDCCH UE-specific RS scrambling sequences (unlike for PDSCH transmissions).
UE-specific RS for distributed ePDCCHs transmitted within the UE-specific search space also should enable spatial reuse and interference randomization across points. This can be achieved with the same configured UE-specific RS sequences as used in context of localized ePDCCH transmissions. It is noted that obviously for distributed ePDCCHs the same antenna port and the same scrambling sequence need to be shared by multiple UEs; however as mentioned the same scrambling sequence for multiple UEs is needed also for localized transmission since orthogonality between the antenna ports needs to be preserved.
Common search space seems slightly different from the perspective of UE-specific RS scrambling sequence configuration. In particular as discussed in [5] our view is that if specified, common search space on ePDCCH should be enabled without configuration via System Information or otherwise via RRC in order to truly enable the ICIC and MTC use cases that are seen as the main motivation for CSS introduction. In this case, for reception of DCI formats scrambled with SI-RNTI, P-RNTI or RA-RNTI the UE basically can not be aware of anything else than some cell-specific scrambling sequences. Transmissions of group power control commands as well as UE-specific DCI formats 0/1A transmitted within common search space are however an exception here. From this perspective the UE-specific RS scrambling sequence definition for common search space may require further studies once it is first agreed whether CSS is specified for ePDCCH.
Proposals:

· At least for reception of ePDCCHs within the UE-specific search space, the UE-specific RS scrambling sequences are UE-specifically configured via RRC signaling.

· Configuration of UE-specific RS scrambling sequences for ePDCCH reception within the common search space (if CSS is specified) is FFS.

· For reception of ePDCCHs within the UE-specific search space, consider reusing one of the UE-specific RS scrambling sequences configured for PDSCH reception. 
5
Conclusions
In this contribution we have discussed the ePDCCH reference signal aspects left for further study after RAN1#68. Regarding 2-layer transmission of ePDCCHs, our proposal is:

Proposal:

· 2-layer SU-MIMO transmission of ePDCCH is not supported in Release 11.

On antenna port allocation for ePDCCH transmissions, we mainly identify that this is an issue that requires further studies as part of search space design:
Proposal: Antenna port allocation should be further studied as part of search space definitions. Consider at least:
-
UE ePDCCH detection complexity

-
Overall blocking probability and ePDCCH scheduling flexibility
-
Need of hashing functions
Finally we addressed scrambling sequences for ePDCCH transmission. Related to this our proposals are as follows:
Proposals:

· At least for reception of ePDCCHs within the UE-specific search space, the UE-specific RS scrambling sequences are UE-specifically configured via RRC signaling.

· Configuration of UE-specific RS scrambling sequences for ePDCCH reception within the common search space (if CSS is specified) is FFS.

· For reception of ePDCCHs within the UE-specific search space, consider reusing one of the UE-specific RS scrambling sequences configured for PDSCH reception. 
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