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1 Introduction

In RAN#65, a WI on a new UE for MTC operation [1] has been approved. According to the WID, three aspects for a new MTC UE are specified, a new low complexity UE category/type, coverage enhancement for a new UE category/type and other delay-tolerant MTC UEs, and power consumption reduction for the UE category/type.

In RAN1#82, regarding on PDSCH, and PUSCH transmission, following agreements were made [2],

	Agreements:
· Reduced transmission schemes corresponding to TM support for LC UEs and UEs operating CE

· Do not support TM5 

· Do not support TM10

· Support TM1 and TM2 for CRS based demod
· Support TM9

· Do not support TM7
· FFS: support of other TMs
· FFS: Any modification is needed for existing TMs

· FFS: To create new TM(s)

· FFS: how to handle MBSFN subframes

Agreements:

· For LC MTC UEs and UEs operating CE:

· Do not support TM3

· Do not support TM4

Agreement:

· The resource allocation (RA) for PDSCH and PUSCH in normal and small coverage is based on a narrowband index and further a resource allocation within the indicated narrowband 
· Study further the overhead, scheduling flexibility and any other aspects of the detailed RA until RAN1#82Bis


In this contribution, we provide remained issues on PDSCH transmission with respect to above aspects and agreements.
2 PDSCH transmission resources
In the last meeting, it was agreed that the resource allocation (RA) for PDSCH and PUSCH in normal and small coverage is based on a narrowband index and further a resource allocation within the indicated narrowband [2]. Therefore, for MTC UEs in normal coverage and small coverage enhancement, a field for indicating narrowband index of PDSCH transmission and a field for resource allocation with the narrowband exist separately. A field for resource allocation within the narrowband can have 5 bits (type 2 resource allocation) or 6 bits (bitmap resource allocation).

However, for medium/high coverage enhancement, same narrowband scheduling can be assumed always since dynamic indication of narrowband of PDSCH transmission would not provide meaningful benefit. Instead, frequency diversity gain can be obtained by narrowband hopping during PDSCH repetition. In addition, dynamic indication of PRB location with high flexibility might not be needed for MTC UEs requiring medium/high coverage enhancement, since PDSCH would be transmitted using resources as much as possible to reduce repetition number (e.g., 6 PRBs). Then, it can be considered to remove PRB assignment field from DL grant.
Proposal 1: Narrowband location and PRB allocation for PDSCH transmission are not configured by DCI for UEs in medium/high coverage enhancement.
3 Configuration of repetition number for broadcast PDSCH

In RAN1#81, it was agreed that the repetition level for at least unicast PDSCH/PUSCH is dynamically indicated based on a set of values configured by higher layers for UEs in coverage enhancement [3]. Not only unicast PDSCH, but also broadcast PDSCH can be transmitted using various repetition numbers depending on TB size of PDSCH and the target coverage enhancement level of the PDSCH. Therefore, it needs to configure repetition number of broadcast PDSCH dynamically, and the repetition number of PDSCH can be indicated by DCI for broadcast PDSCH.
Proposal 2: The repetition level for broadcast PDSCH scheduled by M-PDCCH (e.g., RAR, paging message) is dynamically indicated based on a set of values configured by higher layers.
4 Transmission mode of PDSCH

It was agreed that transmission schemes corresponding to TM 1, 2, and 9 are supported and TM 3, 4, 5, 7, and 10 are not supported for Rel-13 low-complexity UEs [2]. Support of transmission schemes corresponding to TM 6 and 8 are not decided yet. We propose not to support these transmission schemes since we don’t see any benefits. As a result, for single Tx antenna, one PDSCH transmission mode is supported. For multiple Tx antennas, one transmission mode based on CRS and another one transmission mode based on DMRS is supported.

Proposal 3: For a Rel-13 low-complexity UE, transmission schemes corresponding to TM 6 and 8 are not supported.

5 Combining of repeated PDSCH subframes

In general, for MTC UEs in enhanced coverage, it is expected that the location of an MTC UE is fixed or it has very low mobility. Therefore, each subframe of a PDSCH bundle would experience similar channel environment. Then, it can be considered not only combining soft bits for each subframe of a PDSCH bundle but also combining I/Q symbols for each subframe consisting a PDSCH bundle. In addition, even if equal combining scheme is applied, performance of PDSCH reception would depend on redundancy version (RV) value during PDSCH repetition. In this section, we compared and evaluated applicable schemes for PDSCH combining and RV value.
5.1 Options for PDSCH combining

For combining repeated PDSCH transmitted via multiple subframes, combining of soft bits obtained from each subframes can be one method. De-rate-matched soft bits of multiple subframes can be combined and these combined soft bits can be decoded. 

In this case, since combining process is performed in bit-level, each subframe can have different RV value and scrambling sequence. Depending on RV value used during repetition, there can be two options.

· Option A-1: Soft bit combining, one RV value during repetition
As shown in Figure 1 (a), equal RV value can be applied during a PDSCH bundle transmission. In this case, RV indication via DCI would be necessary to change RV value for retransmission. Also, since a UE cannot collect whole coded bits when large transport block (TB) size is used, performance of Option A-1 can be degraded compared to multiple RV values are used during PDSCH repetition.

· Option A-2: Soft bit combining, multiple RV values during repetition
To collect PDSCHs with various RV values, RV value can be changed every subframe as depicted in Figure 1 (b). If same RV pattern is applied for each PDSCH bundle transmission, RV indication via DCI would not be required and DCI size can be reduced.

On the other hand, there can be options using I/Q symbol combining for a PDSCH bundle reception. Even if MTC UEs in enhanced coverage would have very low mobility, combining whole subframes consisting a PDSCH bundle would not be practical since there can be channel variation in case of large repetitions. So, combining I/Q symbols during X subframes can be applied. Then, a UE can obtain soft bits from the combined I/Q symbols from X subframes, and combine soft bits from each X subframes bundle.

When I/Q symbols from X subframes are combined, same RV values and scrambling sequence should be applied during these X subframes. Also, to ensure that each I/Q symbol experiences equal channel, equal PDSCH RE mapping during X subframes would be desired. Therefore, several specification impacts are expected for I/Q symbol combining. There also can be two options for I/Q symbol combining.

· Option B-1: I/Q symbol combining, one RV value during repetition
Similar to Option A-1, equal RV value can be applied during a PDSCH bundle transmission. For retransmission, different RV value can be used and the applied RV value can be indicated via DCI.

· Option B-2: I/Q symbol combining, multiple RV values during repetition
To receive PDSCHs with various RV values, multiple RV values can be applied during a PDCH bundle. However, since RV values should be not changed during X subframes for I/Q symbol combining, RV value can be changed every X subframes in shown in Figure 1 (c). In this option, at least for PDSCH transmission with larger repetitions, RV indication via DCI might not be needed. However, if repetition number is not large enough, a UE could not collect PDSCHs for entire RV values. Then, RV pattern indication for a PDSCH bundle could be necessary.

[image: image1.emf]. . .

RV0 RV0 RV0 RV0 RV0 RV0 RV0 RV0 RV0 RV0 RV0 RV0

1 2 31 3 4 5 6 7 8 9 10 0

. . .

RV0

Subframe index


(a) Equal RV value is applied during repetition
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(b) RV value is changed every subframe

[image: image3.emf]. . .

RV0 RV0 RV0 RV0 RV1 RV1 RV1 RV1 RV2 RV0

1 2 31 3 4 5 6 7 8 9 10 0

. . .

RV3

Subframe index

RV2 RV2

X subframes X subframes


(c) RV value is changed every X subframes

Figure 1. Examples of RV value in a PDSCH bundle
5.2 Evaluation result

We evaluated the PDSCH reception performance of four options (Option A-1, A-2, B-1, and B-2) described in previous sub-section. 

In this evaluation, we obtained BLER curve for each options when a PDSCH bundle is transmitted using 32 subframes. Frequency hopping with 4 subframes period is assumed, and multi-subframe channel estimation is applied within 4 subframes which use same narrowband for PDSCH transmission. For Option B-1 and B-2, I/Q symbol combining is applied with a unit of 4 subframes. So, same scrambling sequence is used during 4 subframes for Option B-1 and B-2, and RV value is changed for every 4 subframes in Option B-2. For Option A-1 and B-1, RV value 0 is applied during a PDSCH bundle transmission. More detailed evaluation assumptions are provided in Table 2 in Annex.

In Figure 2 ~ 7, we obtained PDSCH performance for 328, 600, and 936 bits TB size when frequency residual error is 20 and 100 Hz. Based on the evaluation assumption, the effective code rates for each TB size are calculated in Table 1.

Table 1. TB size and related effective code rate
	TB size
	Effective code rate

	328
	0.22

	600
	0.39

	936
	0.61


According to the evaluation results, in case of 20 Hz frequency residual error in Figure 2, 3, and 4, Option B-1 achieves about 0.6 ~ 1.0 dB gain compared to Option A-1, and Option B-2 also achieves similar performance gain compared to Option A-2. So, we can observe that I/Q symbol combining enhances the performance compared to soft bit combining when 20 Hz frequency residual error is assumed. 

However, when 100Hz frequency error is remained, it is hard to obtain meaningful gain from I/Q symbol combining as shown in Figure 5, 6, and 7, since channel status is changed for each subframe. 

The performance gap between using one RV value and multiple RV values during a PDSCH bundle transmission depends on the TB size. If effective code rate becomes large, a UE would receive only a part of coded bits when only one RV value is applied during PDSCH repetition, whereas a UE can collect the entire coded bits when RV value is changed during a PDSCH bundle. When TB size is 936 bits, applying multiple RVs (i.e., Option A-2, and B-2) achieves almost 1 dB performance gain compared to single RV value case (i.e., Option A-1 and B-1).

Observation 1: Performance gain of I/Q symbol combining compared to soft bit combining depends on the amount of frequency residual error.

Observation 2: Applying multiple RV values during repetition obtains better performance compared to applying single RV value during repetition. Higher TB size can achieve larger performance gain.
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Figure 2. PDSCH performance with 328 TB size, 20 Hz frequency residual error
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Figure 3. PDSCH performance with 600 TB size, 20 Hz frequency residual error
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Figure 4. PDSCH performance with 936 TB size, 20 Hz frequency residual error
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Figure 5. PDSCH performance with 328 TB size, 100 Hz frequency residual error
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Figure 6. PDSCH performance with 600 TB size, 100 Hz frequency residual error
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Figure 7. PDSCH performance with 936 TB size, 100 Hz frequency residual error
Based on analysis the specification impacts and performance of each Options, it is beneficial to use patterned RV values within a data bundle transmission as described in Option A-2 and B-2. 

Regarding on I/Q symbol combining and soft bit combining, it seems not easy to conclude that I/Q symbol combining is beneficial, considering its performance gain and specification impact. For PDSCH transmission, RE mapping pattern for each subframe in a PDSCH bundle could be different, since there are several channels/signals transmitted in a subset of subframes such as PSS/SSS, PBCH, and CSI-RS. So, applying equal RE mapping during I/Q symbol combining of PDSCH would require high specification impact and UE implementation issue. Therefore, it seems not appropriate to support I/Q symbol combining for PDSCH bundle transmission.
Proposal 4: RV value is changed every X subframes for a PDSCH/PUSCH bundle transmission.

Proposal 5: I/Q symbol combining is not supported for PDSCH bundle transmission.

6 Conclusion 

In this contribution, some remained issues are discussed for PDSCH transmission for Rel-13 low-complexity UEs. Based on discussion, we obtained following proposals and observations,
Observation 1: Performance gain of I/Q symbol combining compared to soft bit combining depends on the amount of frequency residual error.

Observation 2: Applying multiple RV values during repetition obtains better performance compared to applying single RV value during repetition. Higher TB size can achieve larger performance gain.

Proposal 1: Narrowband location and PRB allocation for PDSCH transmission are not configured by DCI for UEs in medium/high coverage enhancement.
Proposal 2: The repetition level for broadcast PDSCH scheduled by M-PDCCH (e.g., RAR, paging message) is dynamically indicated based on a set of values configured by higher layers.
Proposal 3: For a Rel-13 low-complexity UE, transmission schemes corresponding to TM 6 and 8 are not supported.

Proposal 4: RV value is changed every X subframes for a PDSCH/PUSCH bundle transmission.

Proposal 5: I/Q symbol combining is not supported for PDSCH bundle transmission.
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Annex
Table 2. Evaluation assumptions

	Parameter
	value

	System bandwidth
	10 MHz

	Carrier frequency
	2 GHz

	Antenna configuration
	2x1, low correlation

	Channel model, Doppler spread
	EPA 1Hz

	PDSCH PRB size
	6 PRBs

	TB size
	328, 600, 936 bits

	Transmission mode
	TM2

	Legacy PDCCH region
	2 OFDM symbols

	Frequency tracking error
	100 Hz

	Frequency hopping
	ON

	Cross-subframe channel estimation
	ON

	Performance target
	10% BLER
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