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1 Introduction

RAN#65 has approved a Rel-13 work item on “Further LTE Physical Layer Enhancements for MTC” [1] where one of the objectives is to specify a new low complexity UE. In this contribution we give our views on the complexity reduction techniques employed by this new UE.

2 Reduced UE bandwidth
According to the WID, the new low complexity UE should have a reduced UE bandwidth of 1.4 MHz in downlink and uplink, while still being able to operate within any system bandwidth.

The UE should be able to re-tune its centre frequency so that several UEs can be frequency multiplexed within the system bandwidth. This capability to re-tune the UE centre frequency is also an enabler for technical solutions involving frequency hopping. The allowed re-tuning time is to be determined by RAN4.
In our view, a DC subcarrier landing on a non-central subcarrier can probably be handled in a satisfactory way without any RAN1 specification changes. For example, a similar situation may already occur in the context of asymmetric intra-band carrier aggregation. The UE will need to make a trivial adjustment of its mapping of subcarriers to resource blocks in order to account for that the empty subcarrier at the centre of the system bandwidth is not anymore at the centre of the UE bandwidth. It should be possible to adjust the UE implementation such that the potential performance degradation associated with  having data transmitted on the centre subcarrier of the UE is minimized, in particular for the very common scenario where an MTC device operates within a fairly low SNR range where QPSK modulation will be used. Therefore we don’t see a need to introduce any changes to the RAN1 specification (such as a new empty subcarrier), but leave it to RAN4 to quantify any possible performance degradation as part of new demodulation performance requirements.
Observation:

· A DC subcarrier landing on a non-central subcarrier can be handled in a satisfactory way without any RAN1 specification changes.
3 Reduced maximum transmit power

According to the WID, the maximum transmit power of the new UE power class should be determined by RAN4 and should support an integrated power amplifier (PA) implementation. However, different vendors may have different preferences regarding whether and when to do the PA integration. Therefore we hesitate to mandate that the Rel-13 low complexity UE uses the new UE power class.
Observation:

· There does not seem to be a strong reason to mandate that the Rel-13 low complexity UE uses the new UE power class.

Proposal:

· A Rel-13 low complexity UE may use the new UE power class or an existing UE power class.
4 Reduced support for downlink transmission modes

There are ten downlink transmission modes defined in LTE, see table below. There are more PDSCH transmission formats than transmission modes, of which selection depends on the used DCI format to schedule the PDSCH. Since the new UE category only can receive a single layer, one of the transmission formats, the large delay CDD, cannot be supported. It then turns out that there are four possible layer mappings remaining – the single antenna port (for both single CRS port and one DMRS port based demodulation), the rank 1 precoding for CRS based modes and the transmit diversity for 2 and 4 CRS ports respectively.
Table 1: Downlink transmission modes in LTE Rel-11

	TM
	Purpose
	Layer mapping for single layer operation

	1
	Single antenna port
	Single antenna port

	2
	TX Diversity
	SFBC / SFBC+FSTD

	3
	Open loop spatial multiplexing
	SFBC / SFBC+FSTD

	4
	Closed loop spatial multiplexing
	Rank 1 precoding

	5
	MU-MIMO
	Rank 1 precoding

	6
	Closed loop spatial multiplexing, single layer
	Rank 1 precoding

	7
	Rel.8 DMRS, single layer
	Single antenna port / SFBC / SFBC+FSTD

	8
	Rel.9 DMRS, dual layer
	Single antenna port / SFBC / SFBC+FSTD

	9
	Rel.10 DMRS, 1-8 layers
	Single antenna port / SFBC / SFBC+FSTD

	10
	Rel.10 DMRS + Rel.11 CSI enhancements, 1-8 layers 
	Single antenna port / SFBC / SFBC+FSTD


Assuming that the UE will continue to be required to receive the legacy PBCH or any other CRS based transmissions, it needs to be able to operate with any eNB configurations in terms of number of CRS antenna ports. This means that at least the single antenna port, SFBC and SFBC+FSTD need to be supported. Obviously, TM1 needs to be supported and since TM2 and TM3 use the same layer mapping in case of single layer reception, it is sufficient to support one of them, e.g. TM2, for simplicity.

Moreover, a DMRS based single antenna port transmission mode needs to be supported to take advantage of the precoding gain of up to eight CSI-RS port eNBs. Therefore, we propose to support TM9 as the DMRS based transmission mode. 

Moving on to the CRS based rank 1 precoding, which is a different from DMRS based modes since the UE must, for each RE, multiply the estimated MISO channel with the precoding vector signalled in the TPMI. On the other hand, TM 4-6 has less RS overhead since there is no DMRS present. Moreover, TM 4-6 all use the same layer mapping, and we propose that only TM4 is supported, for simplicity. 

Note also that TM10 is optional, so this will anyway be signalled as a capability from the UE to the network and should therefore be optionally supported. 

To summarize, we would then have four transmission modes remaining, reflecting the four different layer mappings/reference signals in LTE restricted to single layer operation.

This means that both CRS- and DMRS-based channel estimation need to be supported, but only within 1.4 MHz and not necessarily simultaneously.
It is however still open whether or not a new broadcast channel intended for MTC UEs will be introduced that would eliminate the need to receive the legacy PBCH. If this is the case, it may be considered to use a DMRS based transmission mode also for this new broadcast channel, using a precoding vector resulting in the desired omnidirectional distribution of the transmitted energy.  There will then not be a precoding gain associated with the DMRS based transmission, but instead the DMRS reference symbols may be used for increasing the reference signal density in order to improve the channel estimation quality, in particular for UEs in need for a large degree of coverage enhancement. For example, the DMRS antenna port may be coupled with a CRS port, thereby improving the possibility of doing coherent combination of channel estimates.  
Proposal:

· If reception of the legacy PBCH is continued to be required for MTC UEs, we propose that TM1, TM2, TM4 and TM9 are supported for the low complexity UE.  TM10 remains to be optionally supported.
· If a new broadcast channel is to be designed for MTC UEs, it may be considered to require support only for DMRS-based reception. This may optionally be combined with the establishment of a fixed relation between the CRS and DMRS antenna ports in order to increase the reference signal density.
Note that this also implies that only a subset of all the DL DCI formats needs to be monitored by the UE (1, 1A, 1C, 2, 2C).

5 Reduced maximum TBS
The Rel-12 low complexity UE category supports 1000 bits max TBS for unicast transmissions and 2216 bits max TBS for certain higher layer control messages (SIB, RAR, Paging) [2]. Considering that it is highly likely that these higher layer control messages will need to be redesigned, we would like to seize the opportunity to reduce the max TBS for all transmissions to 1000 bits in order to save some UE complexity.
Reducing the max TBS below 1000 bits would further reduce the UE complexity and could also be considered. However, this needs to be weighed against the fact that the power consumption may increase due to that the UE needs to be active for longer duration when transmitting larger messages. For now we propose to keep the max TBS at 1000 bits, but this may be revisited.
Proposals:

· Unicast and broadcast (SIB, RAR, Paging) transmission should have the same max TBS.

· Agree as a working assumption that the max TBS is 1000 bits for both unicast and broadcast (SIB, RAR, Paging) transmission.

Observation:

· It is not clear from the WID whether the bandwidth reduced and/or coverage enhanced UE should be able to (optionally) support some form of eMBMS/MBSFN-like mode of operation.

6 Reduced support for simultaneous reception
TS 36.302 specifies the possible combinations of physical channels that can be received in parallel in the downlink in the same subframe by one UE. In one subframe, the UE shall be able to receive all TBs according to the indication on PDCCH.
According to Table 8.2-1 and Table 8.2-2 in TS 36.302, a UE in RRC idle mode is required to be able to simultaneously receive BCH, DL-SCH scheduled with SI-RNTI and PCH, while a UE in RRC connected mode is e.g. required to be able to simultaneously receive BCH, DL-SCH scheduled with SI-RNTI and another DL-SCH transmission.

The bandwidth reduced UE will not be able to receive PDCCH at all for system bandwidth greater than 1.4 MHz, and will only be able to receive 6 PRBs’ worth of (EPDCCH and/or PDSCH) bandwidth. It seems doubtful that a UE capability to simultaneously receive multiple transport channels will be useable in practice.

Proposal:

· A bandwidth reduced and/or coverage enhanced UE is not required to support simultaneous reception of multiple transport channels.

7 Relaxed transmit and/or receive EVM requirement
Restriction of the modulation scheme to e.g. QPSK would allow the EVM requirements to be relaxed. On the other hand it will have some negative impact on the spectral efficiency. To our understanding the potential complexity saving is unclear. RAN1 may consult RAN4 regarding the potential pros and cons of relaxing the EVM requirements.

Proposal:

· Ask RAN4 about the potential complexity reduction from relaxation of the EVM requirements for Rel-13 low complexity UEs.

8 Reduced physical control channel processing

There needs to be an appropriate trade-off between eNB scheduling flexibility and UE physical control channel processing load, but the following factors will contribute to reduced UE complexity:
· The number of (E)PDCCH search space candidates should be as small as possible.
· The DCI formats should be as few and small as possible.
· Forward scheduling with guard period may allow for longer DCI decoding time.
Observation:
· Technical solutions should be designed with physical control channel processing load in mind.

9 Reduced physical data channel processing

For the targeted scenarios it can be assumed that the application is delay tolerant. This can be exploited in e.g. the following ways in order to reduce the UE physical data channel processing load, which will contribute to reduced UE complexity:
· The downlink HARQ time line should not be tighter than necessary.
· The number of HARQ processes should not be higher than necessary.

· If a bandwidth reduced UE needs a number of repetitions in order to match normal LTE coverage, it seems reasonable that the decoding time is scaled up in proportion to the transmission time.
Observation:

· Technical solutions should be designed with physical data channel processing load in mind.

10 Reduced support for CSI reporting modes
Regarding CSI feedback, it is observed that only the rank 1 PMI codebook needs to be searched by the UE which gives some complexity reduction. Further complexity reduction can be achieved if the feedback involving multiple PMI reports (per subband) can be removed so that only single PMI reporting modes are supported. It is highly questionable if the low complexity UE needs to support the advanced precoding CSI feedback modes of PMI per subband and UE selected subbands. Advanced frequency selection in the feedback does not seem necessary for these low complexity UEs and there will be further reduction in complexity if these need not be implemented. 

Furthermore, there will be complexity and battery savings if the supported periodicity of CSI reporting is longer. It is also impractical to have low periodicity of CSI reporting in HD-FDD mode. Considering the UL HARQ round trip time of 8 ms, it is desirable to maintain only the larger CSI periodicity of {40, 80, 160, 64, 128} ms.
Proposals:

· For aperiodic CSI reports, Modes 3-0 and 3-1 are supported.
· For periodic CSI reports, Modes 1-0 and 1-1 are supported for the larger CSI periodicity of {40, 80, 160, 64, 128} ms.

11 Conclusions

Observations:

1. A DC subcarrier landing on a non-central subcarrier can be handled in a satisfactory way without any RAN1 specification changes.

2. There does not seem to be a strong reason to mandate that the Rel-13 low complexity UE uses the new UE power class.

3. It is not clear from the WID whether the bandwidth reduced and/or coverage enhanced UE should be able to (optionally) support some form of eMBMS/MBSFN-like mode of operation.

4. Technical solutions should be designed with physical control channel processing load in mind.

5. Technical solutions should be designed with physical data channel processing load in mind.

Proposals:

1. A Rel-13 low complexity UE may use the new UE power class or an existing UE power class.

2. If reception of the legacy PBCH is continued to be required for MTC UEs, we propose that TM1, TM2, TM4 and TM9 are supported for the low complexity UE.  TM10 remains to be optionally supported.

3. If a new broadcast channel is to be designed for MTC UEs, it may be considered to require support only for DMRS-based reception. This may optionally be combined with the establishment of a fixed relation between the CRS and DMRS antenna ports in order to increase the reference signal density.

4. Unicast and broadcast (SIB, RAR, Paging) transmission should have the same max TBS.

5. Agree as a working assumption that the max TBS is 1000 bits for both unicast and broadcast (SIB, RAR, Paging) transmission.

6. A bandwidth reduced and/or coverage enhanced UE is not required to support simultaneous reception of multiple transport channels.

7. Ask RAN4 about the potential complexity reduction from relaxation of the EVM requirements for Rel-13 low complexity UEs.

8. For aperiodic CSI reports, Modes 3-0 and 3-1 are supported.

9. For periodic CSI reports, Modes 1-0 and 1-1 are supported for the larger CSI periodicity of {40, 80, 160, 64, 128} ms.
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