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1 Introduction
This document discusses following:
- the indication to the UE of ePDCCH PRB pairs
- the details on handling the overlapping PRB pairs assigned for PDSCH and ePDCCH transmission.
2 Discussion
2.1 Indication to the UE of ePDCCH PRB pairs
We proposed UE monitor multiple search space sets (multiple PRB set) in [1]. Even without dynamic indication of PRB pairs for ePDCCH (ePCFICH), the number of used PRB pairs for ePDCCH can be changed dynamically depending on the number of UE per a subframe [1]. For the indication to the UE of ePDCCH PRB pairs as the blind candidate trials, the higher layer signalling is used for each search space sets. 
In order to support PRB level ICIC, full flexibility mapping is necessary for indication of search space. We compare two options as follows. 
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 is the number of RBs in bandwidth.
Option 1: full bitmap
For one search space, 
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bits are required to indicated search space.
Option 2: direct enumeration of PRB#
For indication of one PRB pair, 
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bits are required. Then for one search space, 
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(the number of PRB pair in a search space) bits are required. In addition, option 2 can indicate overlap PRBs for a search space. It is useful to restrict the number of PRB pair for ePDCCH [2]. 
The required number of bits for higher layer signalling is compared in Table 1 for 20MHz, 10MHz and 5 MHz band cases. The case painted by blue shows the case of smaller signalling bit size. 
Table 1 Comparison of the signalling bit size
	
	The number of search space sets
	The number of PRB pair in a search space set
	20MHz  100RBs
	10MHz 50 RBs
	5MHz 25RBs

	Option 1

Full bitmap
	1
	-
	100bits
	50bits
	25bits

	
	2 
	-
	200bits
	100bits
	50bits

	Option 2

direct enumeration of PRB#
	1
	4
	28 bits
(7bits(128(>=100RBs)) *4PRBs) 
	24 bits
(6bits (64 (>=50RBs)) *4PRBs)
	20 bits
(5bits (32 (>=25RBs)) *4PRBs)

	
	2
	4
	56 bits
	48 bits
	40 bits

	
	1
	8
	56 bits
	48 bits
	40 bits

	
	2
	8
	112 bits
	96 bits
	80 bits


In most cases, option 2 (direct enumeration of PRB#) requires fewer bits than option 1. To allow overlap indication of PRB pairs within a sear ch space is also attractive property to have the same design even if the configured PRB size for ePDCCH is small in narrow band operation.. Therefore we propose the direct enumeration of PRB# for ePDCCH search space.
2.2 Indication of the PDSCH resources

[69-16] discussed PDSCH resources scheduled by ePDCCH. The topics to be decided are 
· Whether identified PRB pair(s) that at least are not used for PDSCH transmission is explicit or implicit.
· If the identification is implicit, whether it is by detection of DCI masked with the C-RNTI of the UE or by detection of ePDCCH DMRS sequence of all UEs. DMRS sequence is topic in [69-17]
· If the identification is implicit by detection of DCI masked with the C-RNTI of the UE, whether it only applies to DL assignment or any DCI.
· If the identification is explicit, whether it is indicated by ePCFICH or signalled by higher layers. 

There are 7 alternatives for handling the overlap of ePDCCH and PDSCH transmission
For implicit identification
· Alt.1 all detected DCI (DL assignment and UL grant)
UE assumes that PDSCH is not mapped to PRB pairs which UE detects ePDCCH on PRB pair detected ePDCCH is rate matched from PDSCH code rate. The misdetection of UL grants impact on the PDSCH allocation area. When PDSCH allocation is misunderstood, HARQ buffer store wrong bits. It is difficult recovered by retransmission. Therefore, Alt 1 is least preferred.
· Alt.2 only detected DL assignment
Alt 2 can avoid misunderstanding of PDSCH area. 
· Alt.3 DMRS sequence [69-17]
For explicit identification
· Alt4 UE specific search space
When ePDCCH search space is shared by other UEs, PDSCH allocation can avoid PRB pair with other UE’s ePDCCH. However, Alt4 is quite ineffective in terms of search space PRB re-use for PDSCH.
· Alt.5 ePCFICH
Alt 5 is option of Alt 4. UE specific search space is indicated by ePCFICH.
· Alt.6 RRC (independent from UE specific search space)
Alt 6 can support PRB level ICIC.

Others
· Alt 7 No additional indication 
UE assumes that every PRB pair indicated by DCI for PDSCH contains PDSCH. UE could null at least the PRB pair where the own ePDCCH is detected.
We are not so sure whether Alt 3 is already completely ruled out or not by previous agreements. But we see it has the limitation of the operation and concern on the reliability, so it is not preferred.
For distributed transmission, Alt 4 is suitable since search space is shared by several UEs and an eCCE is distributed to several PRB pairs.
For multiple search space set approach [1], It is effective that Alt4 is used for the search space #1 (PRB sets #1) and Alt7 is used for the search space #2. When only search space #1 is used, PRB pair in search space #2 can be allocated to PDSCH.

For localized transmission, search space might be not shared by UEs. Then Alt 2 has benefit that RBG with high CQI can be used for ePDCCH and PDSCH. 
PRB level ICIC for control is essential. Then alt 7 is sufficient for majority of the cases. Vacant PRB pairs can be used for ICIC. For ePDCCH, to reduce interference of neighbor cell is essential tool. 

From above discussion, we are fine among Alt 2 "only detected DL assignment", Alt 4 "UE specific search space" or Alt 7 "No additional indication" in Rel-11. 
3 Summary

This contribution discussed the indication to the UE of ePDCCH PRB pairs and the details on handling the overlapping PRB pairs assigned for PDSCH and ePDCCH transmission. Based on the discussion, the following proposals are made:
- Direct enumeration of PRB# for ePDCCH search space.
- For the method of PDSCH resource, we are fine among "only detected DL assignment", "UE specific search space" or "No additional indication" in Rel-11.
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