3GPP TSG-RAN WG4 Meeting RAN4#70                                                           R4-140578
Prague, Czech Republic, 10-14 February, 2014
Agenda Item:
7.5.4
Source: 
NEC
Title: 
Initial Discussion on Performance Requirements of MTC UEs
Document for:
Discussion
1 Introduction
In this paper we discuss the impacts on various RAN4 specifications due to new MTC UE features.
2 Background

The MTC topic was previously studied in study item phase and [2] includes the technical recommendation generated based on the studies. The topic was later approved as a WI and the WID is included in [3].
There are two features: low cost and enhanced coverage. Below, some major points that must be supported can be mentioned below:

· Single receive antenna

· Downlink and uplink maximum transport block size (TBS) of 1000 bits

· Reduced downlink channel bandwidth of 1.4 MHz for data channels in the baseband

Other design options considered for cost reductions include:
· Half duplex operation

· Reduction of transmit power

· Reduction of supported downlink transmission modes

· Reduction of buffer size

· Reduction of  number of ASIC/FPGA gates

As shown in [1], the techniques being considered in designing the DL and UL channels are as below:

Table 9.5-1: Possible link-level solutions for coverage enhancement of physical channels and signals
	Channels/Signals

Solutions 
	PSS/SSS
	PBCH
	PRACH
	(E)PDCCH
	PDSCH/

PUSCH
	PUCCH

	PSD boosting
	x
	x
	x
	x
	x
	

	Relaxed requirement
	x
	
	x
	
	
	

	Design new channels/signals
	x
	x
	x
	x
	x
	

	Repetition
	
	x
	x
	x
	x
	x

	Low rate coding
	
	x
	
	x
	x
	x

	TTI bundling/Retransmission
	
	
	
	
	x
	

	Spreading
	
	x
	
	
	x
	

	RS power boosting /increased RS density
	
	x
	
	x
	x
	

	New decoding techniques
	
	x
	
	
	
	


As section 8.1.1 of 36.101 states 

The performance requirements are based on UE(s) that utilize a dual-antenna receiver.

For all test cases, the SNR is defined as

[image: image1.emf]
where the superscript indicates the receiver antenna connector. The above SNR definition assumes that the REs are not precoded. The SNR definition does not account for any gain which can be associated to the precoding operation. 
Hence, single receive chain will definitely have specification impact. In addition max TBS 1000 and BW 1.4 will also have specific impacts. While other specific impacts are being discussed in many other papers, this paper will mainly focus on performance aspects.
3 Discussion
3.1 PSS/SSS
According to [1] the coverage for PSS/SSS needs to be improved 11.4 dB for FDD and 17.4 dB for TDD in order to achieve an overall coverage enhancement target of 20 dB. If at least 15 dB coverage enhancement is considered the above numbers will be 6.4 dB for FDD and 12.4 dB for TDD.
PSSS/SSS coverage improvement can be achieved by non-coherent accumulation of the existing PSS/SSS signals with a longer sync acquisition time than that for normal LTE UEs. Possibility of new PSS/SSS design is also not precluded yet in RAN1.

It appears that there is no requirement on how quickly an UE needs to synchronise to network. [1] also states that there is no direct requirement in RAN4 on synchronization acquisition time which is only part of the inter- or intra-frequency RSRP/RSRQ measurement requirement defined in 3GPP TS 36.133 for mobility support. MTC devices in need of coverage enhancement may have no mobility.

Section 8.1.2.8.1 and 8.1.2.8.2 of 36.133 specifies the inter- or intra-frequency measurement timing requirements.
Our understanding of longer sync acquisition time mentioned above is indicating a longer latency. MTC devices are considered to be able to endure long latency.
Observation 1:
If current PSS/SSS signals are used for MTC, no or minimum specification impact is expected for PSS/SSS requirements. Introduction of a new PSS/SSS signal for enhanced coverage mode would have specification impact and new tests may need to be defined in RAN4.
3.2 PBCH

Once an UE is synchronised and acquires physical cell identity, the terminal has to acquire master information block MIB to know DL cell BW, PHICH configuration and system frame number (SFN). Current MIB is transmitted in central 1.4 MHz BW in every (frame mod 4) and repeated in 3 subsequent fames – in the second slot of subframe 1 and first 4 symbols. In the next frame an updated MIB is available and so on. About coverage enhancements of PBCH a number of options were mentioned in [1]:
O1)
A combination of repetition of the current PBCH in subframe #0 of a radio frame onto every subframe of that radio frame (i.e., a new PBCH structure) and PSD boosting (e.g., 4 dB) within 40 ms (for FDD systems)

O2)
A new PBCH design (for TDD and FDD systems)

O3)
A complementary PBCH decoding technique (e.g., correlation decoder or reduced search space decoder).

However, recent RAN1#75 meeting agreements are

•
Agree that we only select ONE of the following options that define the repetition burst within the 40ms PBCH cycle:

–
Option 1: Repetition in SF#0

–
Option 2: Repetition in SF#0 + repetition in SF#5 in odd frames.

–
Option 3: Repetition in SF#0 + repetition in 1 other sub-frame in all frames

–
Option 4: Repetition in SF#0 + repetition in 3 other sub-frames in all frames 

–
FFS until the next meeting which REs should be excluded for PBCH repetition

•
Agree that “user data and MIB repetition are assumed not to be sent in the same PRBs.”

•
Agree that we shall only select ONE of the options below for configuration of transmission across 40ms cycles:

–
Option A: Always send repetition in every 40ms cycle.

–
Option B: Dynamic on/off of repetitions on a per 40x ms cycle basis.

–
Option C: Repetition based on pattern(s) across a given number of cycles.

Observation 2: 
It looks like that repetition of PBCH is being considered in RAN1. It is then for sure that new tests will be needed in RAN4 for that. 
Section 8.6 of 36.101 needs to be revisited to include the requirements for new PBCH performance with 1 Rx antenna.
Implementers may choose to use variety decoding techniques. New requirements need to cover that.

3.3 PRACH

After reading SIB1 and SIB2 the UE will know where to transmit for random access or PRACH.  PRACH is transmitted in central 1.4 MHz in configured subframe with a base duration of 1 ms. Longer duration can also be scheduled. Present PRACH has 5 available preamble formats. Especially format 2 and 3 uses one repetition of the same preamble format of format 0 and 1 to gain 3 dB in receiver. Different CP lengths are configurable up to 0.68 ms. The CP for format 3 seems fine for up to 100 KM. However, only 3 dB gain with one repetition may not be enough for MTC coverage enhancement.
[1] states:
The extra coverage target of PRACH can be achieved as an example, by preamble repetition of about 200 times and/or new preamble format.

Relaxing Pmiss will make it easier to meet the coverage target, and can be used in addition to repetition and/or new preamble format.

It can be observed that relaxing Pmiss from 1% to 10% and with about 32 sequence repetitions, 17dB coverage enhancement target could be achieved, and with about 10 sequence repetitions and 4 sequence repetitions 14 dB and 11dB coverage enhancement target can be achieved respectively.

Agreements in RAN1#75:

· WA on usage of existing PRACH formats from RAN1#74bis is confirmed.

· Enhanced coverage UEs and legacy UE may share the same time/frequency resource. In this case, enhanced coverage UEs will use CDM to multiplex with legacy UEs. 

· FFS for multiplexing repetition level(s) within shared time/freq. resources

· In addition define additional time/freq. resource region(s) separate for “enhanced coverage” UEs.

· Within new region, at least CDM is allowed.

· FFS for Frequency Hopping

· NOTE: RACH resource mapping for the “low complexity UE not requiring enhanced coverage” is FFS.
Observation 3: 
RAN4 will have to check for UE and BS side for new requirements. RAN4 needs to revisit 36.101 section 6.3.4.2.1, to update table 6.3.4.2-1 PRACH ON power measurement period for new PRACH preamble formats. 

RAN4 also needs to revisit 36.104 section 8.4 on BS demodulation of PRACH.
3.4 (E)PDCCH

[1] States,

The coverage target can be achieved by repetition of (E)PDCCH across multiple subframes. Other techniques, for example, PSD boosting, compact DCI, higher aggregation level, can help to reduce the required number of repetition. Repetition of (E)PDCCH across multiple subframes may be required to achieve the coverage enhancement target.

RAN4 specification impact from PSD boosting on PDCCH/EPDCCH or the demodulation RS could arise from the larger variation in transmit power across subcarriers and its effects on EVM requirements.
Agreements in RAN1#75:

· For UEs in enhanced coverage mode for MTC, if/when PDSCH is indicated via (E)PDCCH:

· The relation of PDSCH timing to (E)PDCCH timing shall be known to UE and shall not be configurable by higher layer parameter dedicated only for this purpose and shall not be indicated by (E)PDCCH. FFS on how to derive it or fixed by spec.
· Assigned PDSCH is transmitted not before end of (E)PDCCH, i.e., if subframe n is the last (E)PDCCH repetition then PDSCH start n + k (k > 0)
· No need for UE to decode PCFICH in coverage enhanced mode.  Not to specify PCFICH repetition.

· FFS on how UE derives CFI
· For UEs in enhanced coverage mode for MTC
· For UE-specific search space, 
· (E)PDCCH to schedule PDSCH is supported.
· Repetition of (E)PDCCH with multiple levels is supported. 
· From the UE perspective, the possible starting sub-frames of (E)PDCCH repetitions are limited to a subset of sub-frames. 
Following is email discussion until RAN1 #76 meeting
· Whether to use the same PDCCH candidate m (including same aggregation level) in each repetition, with similar principle for (E)PDCCH
Observation 4: 
RAN4 specification impact from repetition mandates defining new test and requirements. 
PCFICH may not be needed, so no combined requirements for PDCCH/PCFICH as in section 8.4 of 36.101. 
Currently EPDCCH tests have just been finalised. For MTC, they need to be revisited.
3.5 PUCCH

PUCCH contains the UCI: Scheduling Request (SR), HARQ-ACK and CSI. [1] states:

Time domain repetition can be applied to PUCCH for coverage improvement.
PUCCH carries UCI which includes Scheduling Request (SR), HARQ-ACK and CSI. Repetition times could be shortened if some of these contents are reduced or eliminated.

Working assumption in RAN1#75:
· For UEs in enhanced coverage mode for MTC, 
· No support of repetition of periodic CSI over PUCCH

· FFS: Periodic CSI over PUCCH without repetition
· ACK/NACK on PUCCH is supported. FFS on the configurability of ACK/NACK.
· Dedicated SR is supported but no further optimization beyond PUCCH repetition for SR (e.g. no new formats).
· HARQ in UL and DL is supported in coverage enhanced mode 
· FFS on the details of HARQ realization for PUSCH

· FFS on the number of HARQ processes

Observation 5:

If changes are done in present design this may have specification impact. 
36.104 section 8.3 PUCCH demodulation requirements in BS need to be revisited.
36.101 CQI/PMI/RI feedback sections 9.3, 9.4 and 9.5 will most likely need to be revisited due to1.4 MHz BW and possible use of PDSCH repetition.

3.6 PDSCH

The following changed with PDSCH is envisaged in [1]:
Repetition in time domain, RS power boosting, increased RS density and PSD boosting can be applied to PDSCH for coverage improvement.

The observations from these evaluation results provided in Table 9.5.6.1-1 and Table 9.5.6.1-2 are summarized as follows:

· The coverage target for PDSCH can be met by time domain repetition

· The average repetition time to achieve the coverage improvement target is 100~200 for FDD and 200~300 for TDD

· Cross-subframe channel estimation requires less number of repetition times than single-subframe channel estimation.

Agreements in RAN1#75:
· For UEs in enhanced coverage mode for MTC
· For UE-specific search space, 
· (E)PDCCH to schedule PDSCH is supported.
· Repetition of PDSCH across multiple sub-frames is supported.
· Multiple repetition levels in time domain are specified.
Observation 6:
Repetition of PDSCH in multiple sub-frames is a new feature and will have specification impact. PDSCH demodulation requirements in section 8.3 of 36.101 will be impacted. 
CSI requirements (CQI table, feedback etc) will also be impacted.

3.7 PUSCH

[1] states

Repetition, increased DMRS density, PSD boosting, frequency hopping (during repetition), shorter length CRC and code spreading are identified as techniques to enhance PUSCH for coverage.
Agreements in RAN1#75:
· For UEs in enhanced coverage mode for MTC,
· Repetition of PUSCH across multiple sub-frames is supported.
· Multiple repetition levels in time domain are specified.
· HARQ in UL and DL is supported in coverage enhanced mode 
· FFS on the details of HARQ realization for PUSCH

· FFS on the number of HARQ processes

Observation 7:

If changes are done in present design this may have specification impact. 

36.104 section 8.2 PUSCH demodulation requirements in BS need to be revisited.

36.101 CQI/PMI/RI feedback sections 9.3, 9.4 and 9.5 will most likely need to be revisited due to1.4 MHz BW and possible use of PDSCH repetition.
4 Conclusions

In this contribution, we presented the following observations: 
Observation 1: PSS/SSS

If current PSS/SSS signals are used for MTC, no or minimum specification impact is expected for PSS/SSS requirements. Introduction of a new PSS/SSS signal for enhanced coverage mode would have specification impact and new tests may need to be defined in RAN4.
Observation 2: PBCH

It looks like that repetition of PBCH is being considered in RAN1. It is then for sure that new tests will be needed in RAN4 for that. 
Section 8.6 of 36.101 needs to be revisited to include the requirements for new PBCH performance with 1 Rx antenna.
Implementers may choose to use variety decoding techniques. New requirements need to cover that.

Observation 3: PRACH

RAN4 will have to check for UE and BS side for new requirements. RAN4 needs to revisit 36.101 section 6.3.4.2.1, to update table 6.3.4.2-1 PRACH ON power measurement period for new PRACH preamble formats. 

RAN4 also needs to revisit 36.104 section 8.4 on BS demodulation of PRACH.

Observation 4: (E)PDCCH/PCFICH
RAN4 specification impact from repetition mandates defining new test and requirements. 
PCFICH may not be needed, so no combined requirements for PDCCH/PCFICH as in section 8.4 of 36.101. 
Currently EPDCCH tests have just been finalised. For MTC, they need to be revisited.
Observation 5: PUCCH
If changes are done in present design this may have specification impact. 

36.104 section 8.3 PUCCH demodulation requirements in BS need to be revisited.

36.101 CQI/PMI/RI feedback sections 9.3, 9.4 and 9.5 will most likely need to be revisited due to1.4 MHz BW and possible use of PDSCH repetition.

Observation 6: PDSCH

Repetition of PDSCH in multiple sub-frames is a new feature and will have specification impact. PDSCH demodulation requirements in section 8.3 of 36.101 will be impacted. 

CSI requirements (CQI table, feedback etc) will also be impacted.

Observation 7: PUSCH
If changes are done in present design this may have specification impact. 

36.104 section 8.2 PUSCH demodulation requirements in BS need to be revisited.

36.101 CQI/PMI/RI feedback sections 9.3, 9.4 and 9.5 will most likely need to be revisited due to1.4 MHz BW and possible use of PDSCH repetition.
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