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1
Introduction

In RAN1#66bis, the following was proposed as an agreement on multiplexing between PDSCH and ePDCCH:

· “PRB-pair-level multiplexing between PDSCHs and ePDCCHs within a subframe uses FDM

· A PRB pair may contain parts of different ePDCCHs to different UEs

· Working assumption that there is no multiplexing of PDSCH and ePDCCH within a PRB pair; if there is any multiplexing of PDSCH and ePDCCH within a PRB pair it would be by FDM

· How to multiplex ePDCCHs within a PRB pair is FFS”


However, no agreement could be reached. Main discussion points during RAN1#67 were UE processing time and multiplexing of PDSCH within the same PRB pair with ePDCCH. In this contribution we discuss these two aspects. In the companion contribution [1] we provide our views on multiplexing of ePDCCHs within a PRB pair.
2
Discussion
The benefits of FDM versus hybrid FDM/TDM have been widely discussed and acknowledged [2]. Here FDM is typically understood such that ePDCCH can be mapped to both slots of the PRB pair, while hybrid FDM/TDM would mean that ePDCCH can be mapped only to N first symbols of the subframe, for example only the first slot, whereas PDSCH would be multiplexed to the rest of the PRB pair. 
During the online discussion in RAN1#67, the discussion boiled down to whether PDSCH is allowed to be multiplexed within the same PRB pair with ePDCCH, and whether there would be any difference between FDM and hybrid TDM/FDM if PDSCH is anyway allowed to be transmitted within the same PRB pair with ePDCCH. Some benefits of FDM over hybrid FDM/TDM have been listed as follows [2]:
- 
ePDCCH link performance gain of ~1dB.

- 
Increased flexibility in power sharing balancing and antenna port mapping between PDSCH and ePDCCH.

- 
Increased flexibility in frequency-domain ICIC.

- 
Significantly improved utilization of resources in case of UL grant –only transmissions.

These benefits can only be realized if the eNB is given the freedom of utilizing both slots of the PRB pair for ePDCCH. With hybrid FDM/TDM the eNB is forced to utilize the second slot for PDSCH (or leave it unused), which would mean that the benefits are lost. As will be discussed in section 2.2, enabling PDSCH to be multiplexed within the same PRB pair with ePDCCH in case of FDM is mainly intended for allowing the eNB to utilize the resources efficiently in cases where the PRB pairs allocated for ePDCCH otherwise have low resource utilization. Obviously, typically the eNB should try to utilize the allocated PRB pairs as efficiently as possible.
Proposal:
· PRB pair –level multiplexing between PDSCH and ePDCCH uses FDM.
· One ePDCCH may utilize REs from both slots of the PRB pair.

2.1
Processing time aspects

Decreased PDSCH processing time is the main drawback of allowing ePDCCH to be mapped to both slots of the PRB pair.
The proposal in [3] was to reduce maximum transport block size when PDSCH is scheduled with ePDCCH. The proposal assumes that the UE would be also monitoring PDCCH and hence could be then scheduled with PDCCH to still reach the peak data rates. However, the approach of monitoring both ePDCCH and PDCCH would either double the blind decoding effort needed by the UE to find the DL/UL grant or restrict PDCCH/ePDCCH scheduling at the eNB side due to smaller number of allowed search space locations per PDCCH/ePDCCH if the total number of blind decoding attempts is kept fixed.

However, peak data rates with maximum transport block sizes may happen in practice only in very high SINR scenarios which are very unlikely when the timing advance value is very large. From that perspective, it may be sufficient to limit maximum transport block size in case of large TA values while still enabling current maximum TBSs to be used in case of smaller TA values, e.g. in small cell scenarios. Such an approach would not require PDCCH monitoring by the UE to reach the peak data rates, and also it would not restrict maximum TBS or peak data rates that can be achieved in practice. Still, the PDSCH processing requirements could be clearly reduced as the largest timing advance values reduce PDSCH processing time quite significantly (up to 0.67 ms).

Some simple analysis about the processing time impacts was provided in [2]. Very detailed analysis about the exact processing time that will be left for PDSCH processing compared to hybrid FDM/TDM is rather difficult to carry out at this stage of ePDCCH design, since many aspects have an impact on the time it takes to perform the blind detection of ePDCCH. For example, number of blind detection attempts that are required, number of antenna ports that need to be monitored as well as number of channel estimates that need to be computed would impact the exact processing time in addition to many implementation-dependent issues. Therefore, the exact details in terms of transport block sizes to be decoded versus different (large) timing advance values should be left FFS at this stage.
Proposal:
· If needed, consider relaxing PDSCH processing requirements by restricting maximum TB size in case of large timing advance values.

· Details are FFS.

2.2
Multiplexing of PDSCH and ePDCCH within a PRB pair

As mentioned, the second aspect that raised discussion during RAN1#67 was whether PDSCH would be allowed to be scheduled within the same PRB pair with ePDCCH. In RAN1#67 it was agreed that ePDCCH supports distributed transmission. In this case, one eCCE might be distributed over multiple (e.g. four) PRB pairs. In case of low system bandwidths, such allocation consumes a significant portion of the available PRB pairs and may introduce an overhead problem unless PDSCH is allowed to be multiplexed within the same PRB pairs. Hence, while it should be possible to multiplex ePDCCH to both slots of the PRB pair, also PDSCH multiplexing to the same PRB pair should be allowed assuming ePDCCH is targeted also for low system bandwidths.
In [1] we have discussed multiplexing of ePDCCH within one PRB pair and recommended FDM to be used as the multiplexing scheme, possibly complemented by SDM, i.e. MU-MIMO. Obviously, largely for the same justifications this recommendation carries over to multiplexing of ePDCCH with PDSCH within one PRB pair, i.e. the PDSCH would be utilizing one or multiple eCCEs that are left over from ePDCCH transmissions.

Proposal:
· PDSCH may be frequency-multiplexed within the same PRB pair with ePDCCH.
· Whether SDM with ePDCCH is allowed is FFS.

3
Conclusions
In this contribution we have provided further views on PRB-pair –level multiplexing between PDSCH and ePDCCH. Our proposals are summarized as follows:
Proposals:
· PRB pair –level multiplexing between PDSCH and ePDCCH uses FDM.
· One ePDCCH may utilize REs from both slots of the PRB pair.

· If needed, consider relaxing PDSCH processing requirements by restricting maximum TB size in case of large timing advance values.

· Details are FFS.

· PDSCH may be frequency-multiplexed within the same PRB pair with ePDCCH.
· Whether SDM with ePDCCH is allowed is FFS.
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