3GPP TSG RAN WG1 Meeting #68bis
R1-121163
Jeju, Korea, 26th – 30th March 2012
Source:
Panasonic
Title: 
Multiplexing of ePDCCHs and ePDCCH RE mapping
Agenda Item:
7.6.3


Document for:
Discussion/Decision
1 Introduction
In RAN1 #68 meeting, following agreement has been made.
· E-PDCCH messages span both first and second slots with a restriction on the maximum number of TrCH bits receivable in a TTI (to allow a relaxation of the processing requirements for the UE). 

· Multiplexing of PDSCH and ePDCCH within a PRB pair is not permitted
We propose to multiplex ePDCCHs within a PRB pair since one PRB pair is too large for containing single ePDCCH. This document discusses ePDCCH multiplexing scheme with respect to the ePDCCH content. For multiplexing scheme, it should be designed to support frequency-domain ICIC, to achieve improved spatial reuse of control channel resource, and to support beamforming/ diversity. In RAN1#67, it was agreed that "Both localised and distributed transmission of the enhanced control channel are supported." Therefore, the multiplexing scheme should be designed to support localized transmission and distributed transmission.
2 Discussion
RE mapping of Localized transmission and Distributed transmission

ePDCCH multiplexing scheme should be designed to support localized transmission and distributed transmission. It should be discussed whether localized transmission and distributed transmission have commonality or not.
Alternative 1: Totally different RE mapping for localized transmission and distributed transmission
In Alternative 1, the number of REs per (e)CCE or (e)REG can be different between localized transmission and distributed transmission. 

For distributed transmission, interleaving is applied within search space. It would be similar design as PDCCH and R-PDCCH with cross interleaving. For localized transmission, (e)CCEs composed of an ePDCCH are located within PRB pair or adjacent PRB pairs.
In the distributed transmission of alternative 1, even if smaller numbers of UEs are allocated on a subframe, almost all PRB pairs in the search space are blocking the PDSCH. In addition, the distributed ePDCCH and the localized ePDCCH are difficult to be multiplexed within a PRB pair. Therefore, alternative 1 suffers from an inefficient resource utilization.
Alternative 2: Similar RE mapping supports localized transmission and distributed transmission.

In Alternative 2, the number of REs per (e)CCE and (e)REG can be common between localized transmission and distributed transmission.
For distributed transmission and localized transmission, a common eCCE design is used as shown in Figure 1 (without the detailed RE mapping aspects) REF _Ref315428296 \h 
. Both localized transmission and distributed transmission can be supported depending on the eCCE selection. The options for eCCE to RE mapping detail within a PRB pair are discussed late in this contribution.
For distributed allocation, an ePDCCH candidate is composed of eCCEs belonging to distributed PRB pairs. For localized allocation, an ePDCCH candidate is composed of eCCEs belonging to a PRB pair or neighbouring PRB pairs.
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Figure 1 Localized allocation and distributed allocation have common design of eCCE
In Figure 1

 REF _Ref315428296 \h 
 we illustrate aggregation level 1 as located localised transmission. However, it is for further discussion whether aggregation level 1 is supported by distributed transmission or not. Aggregation level 1 with distributed transmission can be used for DCI format 0/1A in high geometry region without accurate feedback. From simulation result [2], distributed transmission of aggregation level 1 has 2.4 dB gain over localized transmission of aggregation level 1 at 1% BLER. The aggregation level 2 with distributed transmission has 6 dB gain over aggregation level 1 with distributed transmission at 1% BLER. If resource inefficiency is acceptable in higher geometry region, aggregation level 2 with deboosted power can be used. If it is not acceptable to reduce the resources of ePDCCH for frequency ICIC, aggregation level 1 with distributed transmission should be supported. 
How to allocate the number of BD trials to localized transmission and distributed transmission
Whether localised or distributed ePDCCH is more beneficial for a UE depends among others on the channel conditions but also on the mobility; and furthermore also on how accurately the eNB is aware of these. Localized transmission for frequency scheduling gain is generally suitable for UEs with low mobility and CSI available per subband, and is most suitable to lower aggregation levels. For a UE without accurate CSI feedback, even for lower aggregation levels, distributed transmission is suitable. For higher aggregation levels (at least aggregation level 8), distributed transmission should be supported with and without accurate CSI feedback for robustness reasons. 
Which candidates are assuming localised and which are assuming distributed transmission can be indicated by RRC signalling to UE specific. For example as shown in Figure 2, the usage of localized transmission and distributed transmission is indicated by the number of BD trials. In Figure 2, aggregation level 1 has 12 BD trials, aggregation level 2 has 12 BD trials, aggregation level 4 has 4 trials and aggregation level 8 has 4 BD trials. When BD trial #16 is indicated for switching potions of localized transmission and distributed transmission, UE monitors 12 BD trials for aggregation level 1 and 4 BD trials for aggregation level 2 as localized transmission, and 8 BD trials for aggregation level 2, 4 BD trials for aggregation level 4 and 4 trials for aggregation level 8 as distributed transmission.
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Figure 2
As an alternative, localized transmission and distributed transmission can be configured per search space pattern which defines the ePDCCH BD candidates [3]. In this case, one bit per configured search space pattern can indicate localized or distributed transmission in RRC signalling.
RE mapping of eCCE
In order to support frequency-domain ICIC, beamforming and/or diversity, we propose an ePDCCH can be mapped to all OFDM symbols in a PRB pair
 as much as possible.

From SLS result [1], one PRB pair is too large for one ePDCCH. One PRB pair
 should contain multiple ePDCCHs or multiple parts of ePDCCH. Within a PRB pair, how to multiplex different ePDCCHs should be further discussed. We propose one PRB pair is divided into 4 eCCEs in normal subframe and 4 or 2 eCCE in special subframe. For special subframe, the number of REs for ePDCCH per PRB pair is depending on the duration of DwPTS.
We compare three options for eCCE RE mapping within a PRB pair, where one PRB pair is divided into 4 eCCEs in these options as illustrated in Figure 3. In the figure, CFI = 2, 24 REs DMRS and CRS port 0 and 1 are assumed. The REs of CRS, DMRS and PDCCH are skipped to allocated ePDCCH. The numbers of REs per eCCEs are shown in Table 1.
Option 1: 3 subcarriers belonging to one eCCE 
Pros:
An eCCE is mapped to all OFDM symbols in a PRB pair.
There is no vacant RE.
Cons:
The numbers of REs in a eCCE are imbalanced.
Some RE cannot support SFBC because of odd number in a OFDM symbol happen if SFBC is used.
Option 2: One eCCE consists of eREGs, each eREG contains 2 REs
eREGs are arranged by OFDM symbol (time) first mapping. 
Pros:
Two antenna ports SFBC can be supported. The maximum number of REs difference between eCCEs is two REs.
Cons:
Several eCCEs are not mapped across all OFDM symbols in a PRB pair.
Several eCCEs should be vacant when 12REs of DMRS (only port 7 and 8) is assumed.
Option 3: One eCCE consists of eREGs, each eREG- contains 4 REs
eREGs are arranged by OFDM symbol (time) first mapping. 
Pros:
Two or four antenna ports SFBC can be supported.
Cons:
No eCCE is mapped across all OFDM symbols in a PRB pair.
Several REs should be vacant.
In above option 2 and option 3, we assume REs composed eREG can be separated by more than one RS RE. However, in SFBC for PDSCH, REs composed eREG shall not be separated by more than one RS RE. If this restriction is applied for ePDCCH, several or all REs on OFDM symbols with DMRS port 7/8/9 and 10 cannot be utilized for ePDCCH. This aspect needs further discussion. 
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Figure 3 eCCE mapping within a PRB pair
Table 1 The number of REs per eCCE
	
	Option 1
	Option 2
	Option 3

	eCCE0
	25 REs
	28 REs
	28 REs

	eCCE1
	29 RES
	28 RES
	24 RES

	eCCE2
	29 REs
	26 REs
	24 REs

	eCCE3
	25 REs
	26 REs
	24 REs

	Vacant REs
	-
	-
	  8 REs


Multiplexing DL assignment and UL grant

In PDCCH, DL assignment and UL grant are configured on the same search space. In this approach, DCI format 0/1A cost the same blind decoding, which is suitable to keep the number of blind decoding (BD) trials small. In R-PDCCH, DL assignment and UL grant have different search spaces with respect to the detailed T/F resources. This increases the number of BD trials. Therefore if DCI format 0/1A are supported on ePDCCH, we propose to use the PDCCH search space approach, i.e.DCI format 0/1A are monitored by one BD trial. However, transmission mode specific DL DCI format and DCI format 0 should be packed on same PRB pairs in order to reduce the number of PRB pair usage for ePDCCH. Therefore, transmission mode specific DL DCI format and DCI format 0 should be able to be monitored on different eCCEs in the same PRB pair.
3 Summary and Proposal
This contribution discusses the multiplexing between DL assignment and UL grant. Based on the discussion the following proposals are made:
· An ePDCCH should be mapped to all OFDM symbols in a PRB pair as much as possible.
· One PRB pair should contain multiple ePDCCHs or multiple parts of ePDCCH.
One PRB pair is divided into 4 eCCEs in normal subframe and 4 or 2 eCCE in special subframe. 
· DCI format 0/1A are monitored by the same BD trial
Transmission mode specific DL DCI format and DCI format 0 should be able to be monitored on different eCCEs in the same PRB pair.
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� We think that the starting OFDM symbol should be configurable from the set of {#0, #1, #2, #3}, while the ending OFDM symbol should always be the last OFDM symbol of a subframe.


� A PRB pair spans only a single layer in this understanding
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