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1. Introduction
In RAN1#66bis, several ePDCCH design aspects were proposed as a WF [1]. One of the important aspects considered in this WF was whether the UL/DL search space restriction by slots should be relaxed or not. In this contribution, we present our views on the motivation for the relaxation of UL/DL search space restriction.

2. Discussion on Search Space restrictions for UL grant and DL grant by slots
The DL grant is transmitted only on the first slot (slot 0) and the UL grant is transmitted only on the second slot (slot 1) in a Rel.10 R-PDCCH.  Also, 1-4 OFDM symbols are reserved for the Rel-10 PDCCH.  The presence of the PDCCH symbols then results in the DL grant region in slot 0 being smaller than the UL Grant region in slot 1. Combined with the fact that there is a much higher traffic load for the DL grant, the much lower traffic load of the UL grant results in slot 1 (reserved for UL grant) being unused, and creates severely inefficient use of the slot 1 search space. 
The above can be the motivation to relax the search space restrictions for DL grant and UL grant to slots 0 and 1 respectively, i.e. merge into a joint search space, and this improvement may also bring the following benefits.

Table 1: The benefits and the typical use cases of joint search space for UL and DL grant
	Benefits
	Typical Use Case

	Reduction of scheduler burden for ePDCCH resource allocation
	· Time variant UL/DL traffic load ratio

	Reduction of Blocking Probability
	· Time variant UL/DL traffic load ratio

· Aligned DCI format size

	Improvement of Channel Estimation Accuracy
	· A DL/UL grant is transmitted in both slots.

· Flexible power setting of UE-specific RS


Scheduler burden/Blocking probability

When there is time variant UL/DL traffic ratio under search space restrictions for UL and DL grant, the network may have to configure the appropriate resources for search spaces for UL and DL depending on UL/DL traffic ratio. On the other hand, if joint search space is configured for UL and DL grant, the network may just take care of the total amount of expected UL and DL grants and the allocated joint search space is agnostic for UL/DL traffic ratio. Thus, the relaxation of the search space restrictions for UL grant and DL may reduce the scheduler burden for ePDCCH resource allocation.
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Figure 1: UL/DL Search Spaces vs. Joint Search Space for UL/DL in terms of UL/DL traffic ratio

Further, if there is search space restriction for UL and DL grant, there is no benefit to align the DCI format size of UL and DL grant, since separate search spaces are configured. On the other hand, if a joint search space is configured for UL and DL grant, the system can realize the benefit of aligned DCI format size of UL and DL grant, so that less search space may be required for the joint search space rather than for the two separate UL/DL search spaces case under the same blocking probability.
Improvement of channel estimation accuracy

When the aggregation level is assumed more than two, the UE may utilize the channel estimation results from UE-specific RS in both slot 0 and slot 1 when a DL grant is transmitted in both slots, as shown in Figure 2. Thus, the relaxing of the search space restriction between the DL and the UL grant and allowing them in slot 0 and 1 can contribute to an improvement in the channel estimation error.
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Figure 2: UE can utilize the channel estimation results of UE-specific RS in both 1st and 2nd slots when a DL grant is transmitted in both slots.
It is possible that the PDSCH could be transmitted in slot 1 of the RB-pair under the current R-PDCCH frame work if there is less UL traffic (Figure 3 left shows a scenario). However, the transmission power of the UE-specific RS in the first and second slots has to be the same for UE channel estimating and decoding, because the UE may utilize the channel estimation results of UE-specific RS in both slot 0 and slot 1. 

If unused slot 1 RBs were allocated for PDSCH, the power ratio between PDSCH and UE-specific RS would have to be kept the same. Therefore, UE-specific RS power could not be boosted even when ePDCCH power were boosted, otherwise the power ratio between UE-specific RS and ePDCCH would be changed. It would make higher order modulation adaptation to ePDCCH difficult, and the channel estimation accuracy for ePDCCH reception may be worse.
On the other hand, if ePDCCH is transmitted on both slots 0 and 1 and no PDSCH is transmitted on RB-pair as in Figure 1 (right), the UE-specific RS can be boosted without the restriction of the PDSCH transmission power.  
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Figure 3: PDSCH transmission on RB-pair(left) and non-PDSCH transmission on RB-pair (right)

From the above reasons, we believe one of the possible improvements might be to relax this restriction in ePDCCH. Of course, it should be taken into account how much impact on UE decoder complexity can be assumed by this change during the discussion.
Observation: The relaxing of the search space restriction for the DL and the UL grant may contribute to a reduction of the scheduler burden for ePDCCH resource allocation, a reduction of blocking probability and an improvement of channel estimation accuracy.
Proposal: The restriction of the search spaces for the DL and the UL grant to first and second slots only should be relaxed in ePDCCH, e.g. allow the DL grant to be transmitted in the second slot.

3. Conclusion

From the above discussion, Sharp proposes that:

Proposal: The restriction of the search spaces for the DL and the UL grant to first and second slots only should be relaxed in ePDCCH, e.g. allow the DL grant to be transmitted in the second slot.
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