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1 Introduction

In 3GPP RAN1#79, CFI for low-complexity (LC) and/or coverage-enhanced (CE) UEs was extensively discussed. The expectation is that this issue will be concluded in 3GPP RAN1#80. 

In this contribution, we discuss the alternatives and the related issues. Methods for indicating the starting OFDM symbol for PDSCH and EPDCCH are provided in order to serve LC UEs and CE UEs. 
2 Start Symbol for MTC Operation
In 3GPP RAN1#79, it has been agreed that:

· Legacy PCFICH, PDCCH and PHICH are not received by Rel-13 low complexity UEs at least for system BW>1.4MHz

· CFI where the UE can start control/data reception is provided by one of following alternatives
· Alt. 1: Signaling in MIB
· Alt. 2: Signaling in SIB
· CFI is a fixed value predefined in the specification at least for PDSCH for at least part of system informations
· Alt. 3: Fixed in a specification for all subframes
· Note: RAN1 will conclude it among above 3 alternatives in RAN1 #80 meeting
Note that in this context, the CFI refers to the start symbol, labeled in the rest of document as StartSymbol-LC, of downlink (EPDCCH/PDSCH) transmission for low-complexity (LC) and/or coverage-enhanced (CE) UEs. For LC and/or CE UEs, the StartSymbol-LC needs to be valid for many consecutive subframes since the UE may need many repetitions to receive data successfully. The StartSymbol-LC no longer corresponds to the potentially dynamically changing value carried by PCFICH. This is illustrated in Figure 1, where 5 repetitions are shown for a PDSCH transmission. Since all 5 repetitions need to share the same starting symbol, this has to be determined by the highest CFI across the 5 subframes, which is CFI=3 of subframe (n+4) in this case. This is different from the legacy PDSCH transmission, where the PDSCH for a given subframe can start dynamically to exactly fit the CFI of each individual subframe. 

Similar to PDSCH, the same consideration applies to the starting symbol of repetitions of an EPDCCH transmission. 
Since tens to hundreds of repetitions (depending on normal coverage or enhanced coverage, for example) may be necessary for a downlink transmission for the low-complexity and/or coverage-enhanced UEs, the StartSymbol-LC is slow-changing at most. The StartSymbol-LC should be set to a sufficiently large value for the entire duration of repetition so that EPDCCH/PDSCH of a MTC UE does not overlap with the control region.
[image: image1.emf]C

F

I

=

2

C

F

I

=

3

MTC PDSCH

Repetition 5

C

F

I

=

1

MTC PDSCH

Repetition 2

MTC PDSCH

Repetition 1

C

F

I

=

2

C

F

I

=

1

MTC PDSCH

Repetition 4

MTC PDSCH

Repetition 3

legacy PDSCH legacy PDSCH legacy PDSCH

legacy PDSCH

legacy PDSCH

Subframe n Subframe n+1 Subframe n+2 Subframe n+3 Subframe n+4


Figure 1. Example of the start symbol stay constant across 5 subframes during repetition.

3 Alternatives of Start Symbol Indication

As mentioned above, three alternatives were captured in 3GPP RAN1#79 meeting. Each of the alternatives is further discussed below.
3.1 Alt. 1: Signaling in MIB
Currently the 24-bit MasterInformationBlock is composed of 
· dl-Bandwidth;
· phich-Config;
· systemFrameNumber;
· and 10 spare bits;
If StartSymbol-LC is to be carried in MIB, it is expected to take two of the spare bits.
This method is not desirable for indicating StartSymbol-LC to LC/CE UE for the following reasons.
1. MIB is designed to broadcast the most critical information cell-wide for a UE to perform initial attachment. StartSymbol-LC is not critical to all UEs.
2. MIB is transmitted relatively frequently (currently the periodicity is 40ms), but StartSymbol-LC for LC/CE UE may not need to be transmitted with the same (or similar) frequency. For example, information for initial attachment such as SIB and RAR may be sent with a default format, thus removing the need of frequent cell-wide signaling of StartSymbol-LC. Furthermore, StartSymbol-LC is expected to change slowly (if at all) due to the multiple repetitions necessary for data reception.
3. The spare bits may need to be reserved for more critical purposes in Rel-13 or later.
3.2 Alt. 2: Signaling in SIB

Alt. 2 means that the StartSymbol-LC is carried in a new SIB dedicated to MTC UEs. 

For initial reception of SIB itself, the OFDM start symbol is not known. In this case, PDSCH transmission (and potential associated EPDCCH transmission) for SIB has to assume the maximum CFI value, according to Table 1.

If StartSymbol-LC is carried as a higher layer parameter in SIB, then the subsequent EPDCCH/PDSCH transmission can use the higher layer parameter value. 

The benefit of this scheme is that EPDCCH/PDSCH (other than the SIB transmission itself) can potentially use a StartSymbol-LC which is lower than the maximum. If a cell is often limited to a smaller CFI, this could potentially reduce the number of repetitions needed for reception. 
The drawback of this scheme is that it takes two bits in the MTC-specific SIB to transmit the StartSymbol-LC parameter, even though an eNB can never set it to a number smaller than the max. For example, an eNodeB may need to behave conservatively and there may never be sufficient confidence to keep the control region smaller than maximum for several hundred future subframes to span the large number of repetitions necessary for PDSCH transmission. 
Table 1. OFDM start symbol for LC/CE EPDCCH and PDSCH

	Subframe
	LC/CE Start symbol when 
Error! Objects cannot be created from editing field codes.
	LC/CE Start symbols when 
Error! Objects cannot be created from editing field codes.

	Subframe 1 and 6 for frame structure type 2
	2
	2

	All other cases
	3
	4


3.3 Alt. 3: Fixed in a specification for all subframes
Fixed start symbol for all subframes would mean taking the maximum values so that the EPDCCH/PDSCH transmission never overlaps with the control region. In most subframes where there may be EPDCCH/PDSCH transmission for the MTC UE, this means, EPDCCH/PDSCH start at OFDM symbol #3 for system bandwidths 
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. In Table 1 detailed configuration of the starting OFDM symbol is listed.
This scheme has the benefit of simple implementation and no signaling overhead. The only downside is reduced resource utilization for EPDCCH/PDSCH if the cell is known to be capped by a value smaller than CFI=3 for all subframes. As an example, in Table 2, the code rate variation due to the different start OFDM symbol is shown for TB size K({152, 328, 504, 1000}, assuming single antenna, QPSK and 6 PRBs for transmitting the PDSCH. Observable performance difference is expected between the different starting OFDM symbol, especially between StartSymbol-LC=0 and StartSymbol-LC=3.
Table 2. Impact of start symbol on code rate 

	Start Symbol
	0
	1
	2
	3

	# code bits
	1944
	1800
	1656
	1512

	
	code rate

	K=152
	0.078
	0.084
	0.092
	0.101

	K=328
	0.169
	0.182
	0.198
	0.217

	K=504
	0.259
	0.280
	0.304
	0.333

	K=1000
	0.514
	0.556
	0.604
	0.661


However for cells where the control region size fluctuates dynamically and may reach maximum size from time to time, there may be no noticeable loss in defining a fixed start symbol (equal to maximum) in the specification.
4 Start Symbol Indication for PDSCH and EPDCCH
4.1 EPDCCH Starting Symbol

For EPDCCH, the starting symbol can potentially be different from that of PDSCH.  There are two options for EPDCCH, corresponding to Alt. 2 and Alt. 3 above.  
(1). The EPDCCH starting symbol can be broadcasted to all LC/CE UEs via a higher layer parameter in SIB; or

(2). The EPDCCH starting symbol can be fixed and predefined in a specification.

EPDCCH starting symbol during initial attachment cannot be obtained via UE-specific RRC signaling, since an EPDCCH needs to be detected before the PDSCH carrying UE-specific RRC signal can be received.

Since there is no fundamental difference between an EPDCCH transmission and a unicast PDSCH transmission in terms of OFDM starting symbol, the same rule can be used for EPDCCH as for unicast PDSCH. 
Considering the potential gain from better resource utitlization, (1) is slightly preferred over (2). Further, the higher-layer parameter in the MTC SIB can be optional, with the predefined values as default. That is, the EPDCCH starting symbol can be determined as follows:
· If the MTC SIB contains the higher layer parameter StartSymbol-LC, the starting OFDM symbol for the PDSCH is according to StartSymbol-LC;

· Else the starting OFDM symbol is according to the values in Table 1;
Proposal:

· The EPDCCH starting symbol is optionally broadcast to all LC/CE UEs via a higher layer parameter in SIB.
4.2 PDSCH Starting Symbol 

For PDSCH transmission, two cases need to be considered. 

· PDSCH starting symbol for SIB

· PDSCH starting symbol for other data

As discussed, inserting a new StartSymbol-LC field into MIB is not preferable. Hence, for SIB, the PDSCH starting position has to be a fixed value predefined in the specification. That is, it uses Table 1.
For PDSCH starting symbol for other data, there are several options:

(1). The PDSCH starting symbol can be broadcasted to all MTC UEs via a higher layer parameter in SIB; or

(2). The PDSCH starting symbol can be sent in a UE-specific RRC message after an earlier PDSCH carrying the RRC message has been received; or

(3). The PDSCH starting symbol can be carried by the EPDCCH DCI if the PDSCH is scheduled by an EPDCCH; or 

(4). The PDSCH starting symbol can be fixed and predefined in a specification.

Comparing (1) – (3), (1) is a good compromise since it provides the information to all LC/CE UEs with relatively low overhead while providing the flexibility to designate a lower PDSCH starting symbol. In other words, the PDSCH starting symbol can be determined using the following procedure:
· If the MTC SIB contains the higher layer parameter StartSymbol-LC, the starting OFDM symbol for the PDSCH is according to the signalled StartSymbol-LC;

· Else the starting OFDM symbol is according to the values in Table 1;
Proposals:

· For PDSCH carrying SIB, the starting OFDM symbol is a fixed value predefined in the specification. 
· The fixed value is equal to the maximum CFI value for the given system configuration.
· The PDSCH starting symbol is optionally broadcast to all LC/CE UEs via a higher layer parameter in SIB.
· A single higher layer parameter in SIB provides the starting symbol to both EPDCCH and PDSCH.
5 Other Considerations

For a stand-alone carrier that is not required to serve legacy UEs, the control region could in principle be removed, with all UEs utilizing EPDCCH for downlink control channel. In this case, it would be beneficial to be able to configured LC/CE UEs with StartSymbol-LC=0. This could be predefined in a specification or signaled.
6 Conclusions
In this contribution we discussed the start OFDM symbol for EPDCCH and PDSCH transmission. According to the discussion, we have the following proposals.

Proposals:

· The EPDCCH starting symbol is optionally broadcast to all LC/CE UEs via a higher layer parameter in SIB.
· For PDSCH carrying SIB, the starting OFDM symbol is a fixed value predefined in the specification. 
· The fixed value is equal to the maximum CFI value for the given system configuration.
· The PDSCH starting symbol is optionally broadcast to all LC/CE UEs via a higher layer parameter in SIB.
· A single higher layer parameter in SIB provides the starting symbol to both EPDCCH and PDSCH.
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