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1
Introduction

There is no clear agreement in RAN1 #67 for multiplexing between E-PDCCH and PDSCH while the following working assumption is agreed in RAN1 #66bis 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.
Whether to multiplex E-PDCCH and PDSCH in a PRB pair affects the search space design, reference signal design and the design of multiplexing of differect DCI messages and should be clarified firstly. Rel-10 R-PDCCH allows TDM between R-PDCCH and PDSCH in a PRB pair 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 R-PDCCH design may face a lot of challenges. While there is no clear agreement in RAN1 #67, in this contribution, we continue discussing the tradeoff on multiplexing between E-PDCCH and PDSCH.
2
Discussion 
2.1 
Comparison for E-PDCCH and R-PDCCH
It is noticed that 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. 

Firstly, considering one of the motivations to introduce E-PDCCH is lack of legacy PDCCH capacity due to large number of users in carrier aggregation or CoMP scenario 4. The number of users will be much larger compared to the number of relays nodes in R-PDCCH. Secondly, in contrast to backhaul links which are usually static, the channel between UE and eNB may be more selective and time-variant. 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.
2.2 
Multiplexing between E-PDCCH and PDSCH
Generally, there are several alternatives considering multiplexing E-PDCCH and PDSCH:
Alt.1: In a PRB pair, E-PDCCH and PDSCH are TDM (R-PDCCH like).
Alt.2: In a PRB pair, E-PDCCH and PDSCH are FDM.
Alt.3: E-PDCCH and PDSCH are FDM based on PRB basis.
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Figure1. Alternatives for multiplexing between E-PDCCH and PDSCH
Alt.1: In a PRB pair, E-PDCCH and PDSCH are TDM (R-PDCCH like)

Considering the R-PDCCH like design, the most important merit is its lower decoding latency and lower minimum buffering requirement. The allocation of E-PDCCH is only allowed in the first time slot. UE has more time for PDSCH processing. This also allows the reusing of the existing eNB-relay design and the ease of received symbol buffering on UE. Micro-sleep is also allowed with Alt1 to save some power. Yet, the TDM design between E-PDCCH and PDSCH may become problematic for E-PDCCH. The number of E-PDCCH is expected to be more than R-PDCCH. When E-PDCCH is only put in the first time slot, it results in a fragmented bandwidth. Although the fragmented bandwidth may have some benefits for distributed E-PDCCH, it also affects the scheduling of PDSCH and reduces the flexibility of FDM-ICIC.

On the other hand, the number of layer number and the precodig can be different for E-PDCCH and PDSCH. These differences make the reference signal usage more complicated. The transmission rank of PDSCH will be limited with E-PDCCH in the same PRB pair. Another issue is that power boosting of E-PDCCH may not be available under this scenario. Considering the possibility that there may be different DCI messages in a PRB pair, the scheduling flexibility is reduced a lot due to limited reference signal usage with Alt.1.
Alt.2: In a PRB pair, E-PDCCH and PDSCH are FDM
Alt.2 considers that E-PDCCH and PDSCH are multiplexed in a PRB pair but the multiplexing is FDM. Compared to the R-PDCCH like design, the advantage of early decoding and low minimum buffering requirent is no longer exist. The fragmented bandwidth problem still exists and the transmission rank of PDSCH is restricted. However, the power boosting of E-PDCCH can be available with Alt.2. It is also noticed that the decoding latency problem can be solved by using cross-subframe scheduling or appropriate multiplexing between DL and UL grants. The power saving of micro-sleep should not be a major issue since UE can only sleep after DMRS of the first time slot are received.
Alt.3: E-PDCCH and PDSCH are FDM based on PRB basis

Similar to Alt.2, Alt.3 may suffer from high decoding latency and no power saving probability by micro-sleep. However, fragmented bandwidth is avoided when higher E-PDCCH capacity is needed due to large number of UEs. Besides, with no E-PDCCH and PDSCH in the same PRB pair, efficient power boosting can be easily achieved. The usage of reference signal has more flexibility. Same as Alt.2, the decoding latency problem may not be a problem. Consdiering the above 3 alternatives, we believe Alt3 should be adopted.
Proposal1: The multiplexing bwteen E-PDCCH and PDSCH should be FDM based on PRB basis, but decoding latency and buffering requirement problem should not be ignored.
2.3 Reducing decoding latency and minimum buffering requirement
Considering the case that pure FDM between E-PDCCH and PDSCH, it can be noticed that the major problems discussed widely by companies are decoding latency and minimum buffering requirement. There are several possible candidates to solve this problem:

Alt.1: Limits DL grants in the first slot while allowUL grants in both slots.

Alt.2: Different DCIs are TDM in a PRB pair and cross-subframe scheduling is allowed.
Alt.3: Reducing the maximum TB size.
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Figure2. Alternatives for reducing decoding latency
Alt.1: Limits DL grants in the first slot while allowUL grants in both slots
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. UL grants can be allocated to both time slots. Nevertheless, with expected larger number of DL grants than UL grants, this solution easily results in resource waste and fragmented bandwidth again. A probable solution is to move the DL/UL grant border several OFDM symbols for higher DL grants capacity. However, if the border is moved too far, this solution results in higher decoding latency again.

Alt.2: Different DCIs are TDM in a PRB pair and cross-subframe scheduling is allowed

Another possibility is to introduce cross-subfame scheduling. Alt.2 limits the DL grants in the first time slot, but also allows DL grants in the second time slot to 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.2. 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 the network has heavier downlink traffic, the allocation of DL grants for the next TTI in second slot achieves the required enhanced control channel capacity.
Some drawbacks come 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. Yet, for Alt.1 and Alt.2, DL grants in the first time slot cannott utilize the UE-specfic DMRS from the second slot for channel estimation. However, it is tradeoff and the UE with advanced processing techniques can choose to have better channel estimation performance at the expense of decoding time.
Alt.3: Reducing the maximum TB size
Alt.3 targets on reducing the PDSCH decoding time directly. However, peak data rate under high SINR scenario is sacrificed. Its impact should be further discussed carefully.
For these 3 alternatives, we believe that Alt.2 brings less standardization impact and should be supported.
Proposal2: Different DCIs are TDM in a PRB pair and cross-subframe scheduling should be supported for E-PDCCH.
3
Conclusions

In this contribution, we discuss different alternatives on multiplexing between E-PDCCH and PDSCH and propose to
Proposal1: The multiplexing bwteen E-PDCCH and PDSCH should be FDM based on PRB basis, but decoding latency and buffering requirement problem should not be ignored.
Proposal2: Different DCIs are TDM in a PRB pair and cross-subframe scheduling should be supported for E-PDCCH.
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