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1   Introduction
In Zhuhai, RAN166bis made a working assumption to introduce an enhanced physical downlink control channel (EPDCCH). In this document, we discuss some EPDCCH design aspects, including search space and EPDCCH multiplexing with PDSCH.
2   Discussion
2.1   Search Space 
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Figure 1. – CCE structure for LTE Rel11 UEs
In LTE Rel8/9/10, the UE monitors a set of PDCCH candidates in the first 1,2 or 3 symbols of the subframe (legacy control region). In LTE Rel11, given the support for EPDCCH, UEs are expected to monitor EPDCCH candidates in a set of PRBs configured by the eNB (EPDCCH RB set).   Figure 1 shows a high level overview of CCE structure envisioned for LTE Rel11.As shown in the figure, the UE is expected to monitor a set of CCEs in the legacy control region and a new set of CCEs (eCCEs) in the EPDCCH RB set. 
2.1.1   Common Search Space for Rel11 

In LTE Rel8/9/10, the UE monitors a set of PDCCH candidates in a common search space (CSS) for DCI related to system information and initial access signalling (i.e., Paging, System Information and RACH response). On the CSS, the UE monitors 4 PDCCH candidates at aggregation level 4 and 2 PDCCH candidates at aggregation level 8. The size of the CSS is 16 CCEs (16x36 = 576 REs). 
In RAN1#66bis, the aspect of creating a new CSS (eCSS) outside the legacy control region and using EPDCCH for scheduling the DCI related to system information and initial access was discussed. In order to support both legacy UEs and Rel11 UEs on the same carrier, the eNB has to repeat system information related DCI in both the CSS and eCSS. This increases the control signalling overhead. For example, if the eCSS has the same size as that of legacy CSS (i.e., 576 REs), approximately 5PRB-pairs are needed in a subframe to support eCSS. In Rel8/9/10, Paging, SI and RACH response are transmitted based on Transmit diversity transmission scheme using CRS. If the PDSCH scheduled using eCSS is based on a non-CRS based transmission scheme, then the system information itself should also be repeated on the PDSCH. This further increases control signalling overhead.
EPDCCH transmissions are expected to be based on DMRS. Given this, since UE specific precoding cannot be used for eCSS, DCI sent on eCSS has to be demodulated either based on unprecoded DMRS or based on some form of new transmit diversity scheme associated with DMRS. In both cases, the DMRS on only the eCSS RBs can be used for channel estimation. Given this, the link performance (and hence the coverage) of DCI sent using eCSS is expected to be inferior compared to the DCI transmitted in legacy CSS where the CRS across the entire channel bandwidth is available for channel estimation. The coverage for DCI sent on eCSS can be improved by provisioning more PRB-pairs for eCSS but it would further increase control signalling overhead. 

Additional carrier types were also cited as another motivation for supporting eCSS. However, in Rel11, additional carrier types are only being considered for carrier aggregation and such carriers are always associated with a carrier supporting Rel8/9/10 signalling. Given this, the Rel11 UEs can use the legacy carrier for receiving any system information or access signalling relevant for the additional carrier type. 

Finally, since a Rel11 UE cannot determine whether the network supports Rel11 signalling or only Rel8/9/10 signalling, the UE has to monitor both CSS and eCSS unless new signalling is introduced in the MIB to indicate the presence of eCSS. 

Based on the above considerations, we propose that Rel11 UEs should monitor only the CSS in the legacy PDCCH control region for receiving DCI related to Paging, System Information and RACH response.  
Proposal: 
· For receiving DCI related to Paging, System Information and Random Access with RA-RNTI, a Rel 11 UE monitors only the Common Search Space in the legacy control region 

2.2   EPDCCH and PDSCH Multiplexing 
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Figure 2. – Options for EPDCCH and PDSCH multiplexing

· Two options for EPDCCH and PDSCH multiplexing are shown in figure 2. The following common aspects apply to both options.

· UE is configured with a set of PRB-pairs on which EPDCCH candidates are monitored. 

· UE determines EPDCCH starting symbol within the subframe using the same methodology it uses to determine its PDSCH starting symbol
· If existing Rel10 signalling is reused, both PDSCH and EPDCCH start from symbol 3 when “PHICH duration” field in the MIB is set to “extended” and, when “PHICH duration” is set to normal, UE determines PDSCH and EPDCCH starting position using PCFICH. Existing signalling can be complimented by adding RRC configuration of PDSCH starting position (for Pcell) for Rel11. Whether such signalling is required is FFS.
· Option 1 allows EPDCCH DL assignments in only the first slot of the subframe to enable early decoding [1]. The following considerations [2][3]apply for option 1.
· Empty PRBs:  if #PRBs used for DL EPDCCHs > #PRBs used for UL EPDCCH, unused 2nd slot PRBs can be used for PDSCH. if #PRBs used for DL EPDCCHs < #PRBs used for UL EPDCCH, unused 1st  slot PRBs cannot be used for PDSCH resulting in ‘Empty PRBs’
· The 2nd slot has more capacity
 than the first slot. Therefore, a higher number of UL grants can be multiplexed into a single PRB in second slot than the number of DL assignments that can be multiplexed in a single PRB in the first slot. Given this, it is unlikely that #PRBs used for DL EPDCCHs will be smaller than #PRBs used for UL EPDCCH. Hence this issue will not have a significant impact on overall control channel efficiency.
· Link performance: To enable early decoding, the UE can only use the RS in the first slot of the subframe for channel estimation. Compared to the case where the RS in both slots are available for channel estimation the link performance is then slightly degraded. Given this, option 1 may require slightly larger CCE size than option 2. Alternately, for the same CCE size as option 2, the occurrence of larger CCE aggregation levels will be slightly higher. The impact of these aspects on overall control channel efficiency needs to be investigated. Further, schemes that can improve the channel estimation performance (e.g., PRB bundling) can also be investigated further.
· MU-MIMO and power sharing restrictions: When MU-MIMO is used for EPDCCH, and not used for PDSCH in the PRB corresponding to the same PRB-pair as that of E-PDCCH, some restrictions on the PDSCH power are needed on that PRB. The impact of such restrictions on overall system performance needs to be investigated further.
· Capacity:  Compared to the case where both slots are available for DL EPDCCH transmissions, the DL EPDCCH capacity for option 1 is smaller. However, compared to the number of UEs that are expected to be scheduled in a single subframe (e.g <20UEs for 20MHz BW without MU-MIMO) capacity offered by option 1 is large enough to have no impact on overall system performance. For the case where MU-MIMO is extensively used, the number of UEs scheduled will be higher but the control channel capacity will also higher as MU-MIMO can be used for both PDSCH and EPDCCH.
· Option 2 allows EPDCCH DL assignments in both the first and second slots of the subframe. The following considerations apply for option 2. 
· No Early Decoding: As described in [1][4], option 2 will reduce the amount of time available for PDSCH decoding compared to LTE Rel8/9/10. This increases UE hardware complexity or reduces implementation flexibility for advanced receiver architectures and is therefore undesirable.
· Restrictions on maximum timing advance were discussed in RAN1#66bis as a means to address the early decoding problem for Option 2. Such restrictions would of course limit the deployment flexibility for the network. Also, how such restrictions are captured in the UE specification needs to be studied further.

· Restrictions on max TB size, as proposed in [4], can also be used to address the early decoding problem. Such restrictions would constrain EPDCCH usage only for low to medium data rates at the UE (especially for additional carrier types). The extent of max TB size restrictions required to provide the same PDSCH decoding time as that in Rel10 also needs to be studied further.
In order to enable (retain) early decoding of control channels, Option 1 restricts the DL EPDCCH assignments to the 1st slot of the subframe. The impact of this restriction on overall system performance needs to be investigated further. Option 2, while providing a ‘simpler’ design, increases UE implementation complexity due to lack of early decoding. Considering these aspects, we propose the following

Proposal: 

· A multiplexing structure that allows early decoding (i.e., FDM+TDM) should be considered as baseline for EPDCCH

· Full FDM E-PDCCH structure that disables early decoding should only be considered if strong system performance related justifications are identified in RAN1.

3   Conclusions
We propose the following
Proposal (search space): 

· For receiving DCI related to Paging, System Information and Random Access with RA-RNTI, a Rel 11 UE monitors only the Common Search Space in the legacy control region 

Proposal (EPDCCH and PDSCH multiplexing): 

· A multiplexing structure that allows early decoding (i.e., FDM+TDM) should be considered as baseline for EPDCCH

· Full FDM E-PDCCH structure that disables early decoding should only be considered if strong system performance related justifications are identified in RAN1.
References

[1] R1-113261 – “Enhanced control channels for LTE Rel-11”, Motorola Mobility, 3GPP RAN WG1#66bis, Zhuhai , China, Oct 2011.
[2] R1-113174 – “EPDCCH Design Aspects”, Reneseas, 3GPP RAN WG1#66bis, Zhuhai , China, Oct 2011.
[3] R1-113297 – “Enhanced PDCCH for DL MIMO in Rel-11”, NTT DoCoMo, 3GPP RAN WG1#66bis, Zhuhai , China, Oct 2011.
[4] R1-113396 – “E-PDCCH Requirements”, Qualcomm, 3GPP RAN WG1#66bis,  Zhuhai , China, Oct 2011.

� By capacity we refer to the number of REs available for EPDCCH transmission. 
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