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1. Introduction
In RAN1 #68bis, we agree that in next step, we should 
· Consider how to handle mapping of ePDCCH in presence of other signals:

· Possible methods:

· puncturing of REs including coded symbols

· puncturing of REs from “(e)REG/(e)CCE”with rate matching in coding chain

· rate matching for coding chain together with mapping “(e)REG/(e)CCE” around the other signals

· Consider all other potentially colliding signals, including CRS, legacy control region, PSS/SSS, PBCH, PRS, CSI-RS, DM-RS

This contribution discusses the mapping of ePDCCH in presence of other signals, including DMRS, CRS, PRS, CSI-RS, legacy control region, PBCH and PSS/SSS. 


2. Discussion on the Potentially Colliding Signals
There will be some potentially colliding signals with ePDCCH, including reference signals and other physical channels, e.g., PSS/SSS, PBCH, PRS, CSI-RS. This section will separately discuss on these colliding signals. 
2.1  Discussion on Potentially Colliding Reference signals
1) DMRS

In RAN1 #67, DMRS is used for ePDCCH demodulation. Therefore, the resource elements used for DMRS in the PRB(s) used for transmission of the enhanced control channel should not be used for other signals. There are 4 antenna ports for DMRS might be used for ePDCCH demodulation, port 7-10 (port 5 is not a candidate). Port 7 and port 8 (port 9 and port 10) share the same resource elements, as shown in Figure 1.  
For some cases, only one or two antenna ports are needed for ePDCCH demodulation. Then the resource elements or transmission power for the other two antenna ports can be saved. There are several methods for this case, e.g., rate matching around two or four antenna ports; always rate matching around four antenna ports with power-boosting applied to the utilized antenna ports when only one or two antenna ports are used [1]; rate matching around at most two antenna ports and puncturing REs for the other two antenna ports. The details of different methods and their performance are discussed in [1] and [2]. From the simulation results in [2], either rate matching around the utilized antenna ports only or always rate matching around antenna port 7-10 with power-boosting on the utilized ones provides good performance. From our views, either way can be adopted.
2) CRS

CRS are transmitted in every downlink subframe and spans the entire channel bandwidth. The number of CRS ports can be 1, 2, or 4. In each PRB, there are 8-24 REs used as CRS. Just like the case for DMRS, either rate matching or puncturing can be applied around CRS.
If rate matching to different CRS antenna port number, more situations needs to be consider when designing “eCCE/eREG” and will result in different RE numbers in one eREG/eCCE. Further discussion on eREG/eCCE definition can be found in [3]. However, puncturing for 8-24 RE difference in one PRB will causing large performance degradation. Therefore, for better performance, it is suggested to rate match around CRS because the performance loss due to less RE number in one eREG/eCCE can be compensated by higher aggregation levels. 
3) CSI-RS

CSI-RS shall be used in transmission mode 9 to acquire channel-state information. In time domain, the CSI-RS can be transmitted with different periodcities (5ms-80ms). A UE can be configured with one, two, four or eight antenna ports for CSI-RS. In the subframe where CSI-RS is transmitted, it spans the entire channel bandwidth. For Rel-10 or later-release UEs, CSI-RS is rate matched when mapping PDSCH symbols to the physical resources. For Rel-8/9 UEs, CSI-RS is viewed as data REs due to lacking the knowledge of CSI-RS.
The collision with ePDCCH happens in the subframe with CSI-RS transmitted. Rate matching or puncturing can be applied to avoid the collision. Or UE can assume that ePDCCH are not be transmitted in the subframe transmitted CSI-RS but there will be a large resource waste for later releases or new carrier type when legacy control channel does not exsist. In addition, since CSI-RS configuration is UE-specific, the situation is more complicated than DMRS and CRS, considering rate matching or pucturing.  As a result, further discussion is needed for the case of CSI-RS.
4) PRS

The PRS are transmitted on antenna port 6 with different periodicities (160ms/320ms/640ms/1280ms) and do not use the resource elements allocated to PBCH, PSS/SSS. Since the PRS periodicity is large, UE may assume that there is no PRS when ePDCCH is transmitted. However, the number of REs PRS occupies within a PRB-pair is large and it may seriously impact ePDCCH decoding performance if the code rate is low.  In addition, the configuration of PRS is UE-specific, some of UEs may not be able to obtain the related information of PRS so rate matching is also not a good solution.  Therefore, it is suggested to allocate ePDCCH in subframes with no PRS in Rel-11 and for subframes with PRS, legacy PDCCH can be utilized.
With the discussion in previous paragraphs, we propose:
Proposal #1:  Either rate matching around the utilized antenna ports only or always rate matching around antenna port 7-10 with power-boosting on the utilized ones can be adopted in ePDCCH.

Proposal #2:  Rate matching around CRS is applied in ePDCCH and whether to apply rate matching around CSI-RS is FFS.
Proposal #3:  No ePDCCH is allocated in the subframes with PRS in Release 11.
2.2  Discussion on Potentially Conlliding Physical Channel
1) Legacy Downlink Control Channel
Rel-11 LTE still needs to support legacy PDCCH for backward compatibility. The first 1-3 or 2-4 OFDM symbols in each subframe are used for legacy PDCCH. The number of OFDM symbols for legacy PDCCHs varys. For each PRB, there will be up to 34 resource elements changes excluding port 0.It is a big change so that rate matching is necessary for different number of legacy control channel symbol number. 
Proposal #4:  Rate matching is used for different number of OFDM symbols for legacy PDCCH and “(e)REG/(e)CCE” mapping  avoids legacy PDCCH.
2) PBCH

PBCH is transmitted within the first four OFDM symbols of the second slot of subframe #0 and only over the 72 center subcarriers excluding the DC carrier. The UE shall not make any other assumptions about these resource elements. 
Observation 1: In subframe #0, PBCH is always taking four symbols in the center 6 PRBs and less resource elements is leftover for other use in the center 6 PRBs.

3) PSS/SSS
FDD
In the case of FDD, as Figure 1 shows, the PSS and SSS occupy the center 72 resource elements (not including DC carrier) in last two symbols of the first slot of subframes #0 and #5. In the same symbol, for both normal cyclic prefix and extended cyclic prefix, DM-RS antenna ports 7~10 potentially allocate in the same symbols. Therefore, the center 72 carrier(6 PRBs) who are occupied by PSS/SSS can not transmit DMRS. However, the aggrement has been made in RAN1 #67 that the demodulation of enhanced control channel is based on DMRS transmitted in the PRB(s) used for transmission of the enhanced control channel. As a result, the middle 6 PRBs in subframe #0 and 5 in FDD should not be used to tranmit enhanced control channel due to the lack of DMRS even though there are still a lot of REs for the transmission of ePDCCH.
Observation 2: For FDD, subframe #0 and subframe #5 will transmit PSS/SSS, who will collide with DMRS in the center 72 subcarriers. 


[image: image1.emf]Subframe #0

7

2

 

s

u

b

c

a

r

r

i

e

r

s

PBCH

PSS/SSS

1

 

P

R

B

CRS RE

DMRS Port 7/8

Legacy PDCCH RE

DMRS Port 9/10

Subframe #5

7

2

 

s

u

b

c

a

r

r

i

e

r

s

PSS/SSS

1

P

R

B


Figure 1.  Position of PBCH, PSS/SSS, CRS and DM-RS for FDD(Normal cyclic prefix).
TDD
In the case of TDD, the SSS is transmitted in the middle 72 subcarriers in the last symbol of subframe #0 and #5, while PSS is transmitted on the third symbol in subframes #1 and #6, as shown in Figure 2. In subframe #0 and #5, in addition to the collision between ePDCCH and PBCH, the REs reserved for DMRS also collide with SSS on the last OFDM symbol.  In subframe #1 and #6, which are special subframes, the REs reserved for DMRS collide with PSS on the third OFDM symbol though for the case with 10-ms downlink-to-uplink switch-point periodicity, i.e., uplink-downlink configuration 3, 4 and 5, the subframe #6 is normal subframe and there is no collision between DMRS and PSS. Therefore, UE may not be able to utilize the the middle 6 PRBs for the transmission of ePDCCH in subframe #0, #1, #5 and  subframe #6 which is used as a special subframe for TDD.
Observation 3: For TDD, in subframe #0, #1 #5 and subframe #6 which is used as a special subframe, PSS/SSS collides with DMRS in the center 72 subcarriers. Considering PBCH in subframe #0 and GP/UpPTS in subframe #1, the number of rest resources in the center 6 PRBs is small.
From the discussion in above paragraphs, we propose:
Proposal #5:  ePDCCH is not transmitted in the middle 6 PRBs in the subframe where either PBCH or PSS/SSS is transmited, i.e., for FDD, subframe #0 and subframe #5 and for TDD, subframe #0, #1, #5 and subframe #6 which is used as a special subframe.  
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Figure 2.  Position of PBCH, PSS/SSS, CRS and DM-RS for TDD.


3. Conclusion
In this paper, we provide our views on mapping of ePDCCH in presence of other signals. The proposals are summarized as follows.
Proposal #1:  Either rate matching around the utilized antenna ports only or always rate matching around antenna port 7-10 with power-boosting on the utilized ones can be adopted in ePDCCH.

Proposal #2:  Rate matching around CRS is applied in ePDCCH and whether to apply rate matching around CSI-RS is FFS.
Proposal #3:  No ePDCCH is allocated in the subframes with PRS in Release 11.
Proposal #4:  Rate matching is used for different number of OFDM symbols for legacy PDCCH and “(e)REG/(e)CCE” mapping  avoids legacy PDCCH.

Proposal #5:  ePDCCH is not transmitted in the middle 6 PRBs in the subframe where either PBCH or PSS/SSS is transmited, i.e., for FDD, subframe #0 and subframe #5 and for TDD, subframe #0, #1, #5 and subframe #6 which is used as a special subframe.  
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