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1
Introduction

The motivations, targets and design aspects of enhanced PDCCH (E-PDCCH) are discussed in RAN1 #66bis. The working assumption is agreed that the enhanced PDCCH should satisfy

· able to support increased control channel capacity

· able to support frequency-domain ICIC, 

· able to achieve improved spatial reuse of control channel resource 

· able to support beamforming and/or diversity

· able to operate on the new carrier type and in MBSFN subframes

· able to coexist on the same carrier as legacy UEs

Desirable characteristics include ability to be scheduled frequency-selectively, and ability to mitigate inter-cell interference.
Most discussions of E-PDCCH focus on the design with rel.10 R-PDCCH as the baseline [1-4]. However, due to different application scenarios between R-PDCCH and E-PDCCH, the design of E-PDCCH should not follow R-PDCCH entirely but with appropriate modifications.
One of the most important topics in E-PDCCH design is the multiplexing of E-PDCCH and PDSCH. R-PDCCH adopts the hybrid TDM/FDM which limits DL grants in the first time slot to reduce the decoding latency and PDSCH for the same relay node can be allocated in the second time slot of the same PRB pairs. Yet, for E-PDCCH the hybrid TDM/FDM design may face a lot of challenges. In this contribution, we discuss the tradeoff between FDM and hybrid TDM/FDM. A design allowing early decoding for FDM is also proposed. We introduce a concept of allocating DL grants in the second time slot which schedules PDSCH of the next subframe.
2
Discussion 
2.1 
Multiplexing of E-PDCCH and PDSCH
Considering multiplexing of E-PDCCH and PDSCH, as discussed in previous contributions there are two choices: Hybrid TDM/FDM and FDM which are depiced in Fig.1 and Fig.2 seperately. In rel.10 R-PDCCH, the hybrid TDM/FDM design is chosen. However, when designing E-PDCCH for rel.11, the differences are noticed between E-PDCCH and R-PDCCH.
Firstly, considering one of the motivations to introduce E-PDCCH is MU-MIMO with large number of users. The number of users will be much larger compared to the number of relays nodes in R-PDCCH. The interference and power management problem becomes more complicated, and it is important to ensure sufficient control channel capacity. Secondly, in contrast to backhaul links which are usually static, the channel between UE and eNB may be more selective and time-variant due to higher mobility. Lastly, the traffic between UE and eNB are usally asymmetric. In most situations with heavy downlink traffic, the number of DL grants dominates over the number of UL grants. As a result, the multiplexing of DL and UL grants in R-PDCCH probably no longer suits for E-PDCCH.
Due to these differences, the design of hybrid TDM/FDM and FDM should be carefully inspected to decide which scheme is more suitable for rel.11 E-PDCCH.
[image: image1.png]PDSCH PDSCH
DL grant/empty UL grant/PDSCH
PDSCH PDSCH
DLgrant/empty UL grant/PDSCH
PDSCH PDSCH




       [image: image2.png]PDSCH PDSCH
DL/ULgrant DL/ULgrant
PDSCH PDSCH
DL/ULgrant DL/ULgrant
PDSCH PDSCH





Fig.1 Hybrid TDM/FDM between E-PDCCH and PDSCH                Fig.2 FDM between E-PDCCH and PDSCH
Hybrid TDM/FDM of E-PDCCH and PDSCH
Considering the hybrid TDM/FDM design which is the same as R-PDCCH, the most important merit is its lower decoding latency compared to FDM. The allocation of DL grants is only allowed in the first time slot. UE has more time for PDSCH processing. On the other hand, this allows the reusing of the existing eNB-relay design and the ease of received symbol buffering on UE. Though hybrid TDM/FDM has several advantages, it may become problematic when combined with E-PDCCH. For E-PDCCH, the asymmetric traffic and large number of UEs are expected, i.e., there are a lot of DL grants. Because the DL grants are limited in first time slot, it results in a fragmented bandwidth which affects the PDSCH scheduling. And when the layer number is different from the first slot and the second slot, the power sharing across the slot border is complicated considering the practical power amplifer. Furthermore, the UE-specific DMRS cannot be utilized for channel interpolation across the slot border. We can also notice that when only UL grants are in the subframe, the resource efficiency decreases a lot due to empty first slots.
FDM of E-PDCCH and PDSCH
FDM suffers from high decoding latency and no power saving probability by micro-sleep. However, it provides more flexibility for PDSCH scheduling when higher E-PDCCH capacity is needed due to large number of UEs. The occurrence of E-PDCCH will not waste too much resource when using FDM of E-PDCCH and PDSCH. Besides, with no E-PDCCH and PDSCH in the same subframe, efficient power-boosting is easily achieved and power sharing is no longer a problem. It also noticed that FDM will not waste resource when the number of UL grants is larger than DL grants. Considering these merits, FDM seems to be a better choice when considering multiplexing of E-PDCCH and PDSCH.
Proposal1: Considering multiplexing of E-PDCCH and PDSCH, FDM seems to be a better choice.
2.2 FDM with Low Decoding Latency
Considering using full FDM of E-PDCCH and PDSCH, thought FDM has a lot of benefits, we can notice that the largest drawback of FDM is its inability to allow early decoding. As mentioned in [3], reducing PDSCH processing time for rel.11 UE can result in increased UE implementation cost or reduced flexibility thus should be avoided. We can also notice that the PDSCH of rel.11 may contain multiple layers thus the PDSCH processing time will face more challenges. On the other hand, the larger buffering requirement results in additional UE complexity. 

One solution to alleviate the decoding latencty problem is to reuse the R-PDCCH design which limits the allocation of DL grants to the first time slot. Nevertheless, with expected larger number of DL grants than UL grants, this solution easily results in resource waste and fragmented bandwidth. A probable solution is to move the DL/UL border several OFDM symbols for higher DL grants capacity. However, this solution results in higher decoding latency again and may be problematic.

As a result, we introduce a design to solve this problem. To enjoy the benefits from both FDM and early decoding, we propose to limit the DL grants in the first time slot, but to also allow DL grants in the second time slot only for those which schedule PDSCH of the next subframe, i.e. the control channel for the data symbol of the next subframe can be transmitted in advance in the second time slot of the current subframe. In contrast to DL grants, UL grants are allowed in both time slots. The design structure is depicted in fig.3 and an example of how it works is in fig.4. It is noticed that because the DL grants for the current subframe are only in the first time slot (or in the second slot of the previous subframe if needed), the decoding latency problem is alleviated. If we have heavier downlink traffic, the allocation of DL grants for the next subframe in second slot achieves the required enhanced control channel capacity. It appears no resource waste and still remains low decoding latency.
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Fig.3 FDM with DL grants for the next subframe.
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Fig.4 An example of FDM with DL grants for the next subframe.
We inspect the benefits and the drawbacks with the design. It enjoys the merits from FDM with PDSCH. Power sharing between two slots is easy and there’s no additional resource waste due to empty slots. Moreover, low decoding latency is achieved even with FDM design. Yet, it also has some corresponding drawbacks. One is that DL grants in the first time slot can’t utilize the UE-specfic DMRS from the second slot for channel estimation. However, it is unavoidable if we want to enjoy the benefit from early decoding. Another drawback comes from the additional complexity for scheduling and probable performance loss due to scheduling in advance. However, the scheduling for the next subframed is confined to the second slot. Therefore, the performance loss due to early scheduling should be small. As a result, we propose to allow DL grants in second slot scheduling the next subframe to solve both capacity and latency problems.
Proposal2: Limit DL grants in the first time slot, but to also allow DL grants in the second time slot only for those which schedule PDSCH of the next subframe.
3
Conclusions

In this contribution, we propose to
Proposal1: Considering multiplexing of E-PDCCH and PDSCH, FDM seems to be a better choice.
Proposal2: Limit DL grants in the first time slot, but to also allow DL grants in the second time slot only for those which schedule PDSCH of the next subframe.
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