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1
Introduction
RAN1 has been competed the eMTC specification [1], and it has already been captured in the CR packs [2]

 REF _Ref440375092 \r \h 
[3].

We give a brief summary of RAN1 agreement related to uplink channels and discuss the necessary BS demodulation requirement. 
2
UL channel functionalities due to eMTC
2.1
PRACH

In Category M1 UE, PRACH attempts is not only used for random access to the network, but also used for identifying its coverage level, that is, CE Mode A or CE Mode B. RAN1 agreed with the following procedure to decide the coverage level. The eNB signals the maximum number of PRACH repetitions and attempts per coverage level. The maximum number of coverage levels is 4. For example, coverage level 1 uses 4 repetitions and its maximum number of attempts are 5. The supported number of PRACH repetitions is {1,2,4,8,16,32,64,128}. 

If UE does not receive RAR after the allowed number of attempts, it moves to the next higher repetition level. The maximum number of levels is 4 including the transmission with normal coverage. If eNB receives PRACH with repetition levels 0 or 1, this UE is assigned to the CE Bode A parameter set. If eNB receives PRACH with repetition levels 2 or 3, this UE is assigned to the CE Mode B parameter set. 

RAN1 agreed not to introduce new PRACH formats. But the PRACH repetition is supported for PRACH formats 0-3.

Frequency hopping is also applied between two frequency regions and the necessary information such as narrowband position is given by the higher layer. When the frequency hopping is enabled, the frequency hopping happens every frame or every 2 subframes depending on the frame structure type.  
2.2
PUCCH

Since Category M1 UE support single layer transmission only because of single receive antenna, the supported PUCCH formats are limited. CE Mode A UE supports only PUCCH formats 1, 1a, 2, 2a for FDD. For TDD, it supports only PUCCH formats 1, 1a, 1b, 2, 2a. For CE Mode B UE, it supports only PUCCH formats 1 and 1a because it does not need to report CSI. 

As same as downlink, UE category M1 transmits PUCCH at least two narrowbands and it is signalled by the higher layer. 

PUCCH also support the repeated transmission and the supported numbers are {1,2,4,8} for CE Mode A and {4, 8,16,32} for CE mode B. Note the actual repetition number is specified by the higher layer. 
PUSCH supports frequency hopping between 2 narrowbands and supported intervals are {1,2,4,8} for CE Mode A FDD, {1,5,10,20} for CE Mode A TDD, {2,4,8,16} for CE Mode B FDD, and {1,5,10,20} for CE Mode B TDD.
2.3
PUSCH
PUSCH transmission is scheduled with DCI formats 6-0A/B on M-PDCCH. DCI format 6-0A is used for CE Mode A scheduling and 6-0B is used for CE Mode B scheduling. The big difference of PUSCH from non-category M1 UE is that the PUSCH HARQ operation is asynchronous. Therefore the HARQ process number is also specified in DCI format 6-0A/B. The number of HARQ processes is at most 8 for CE Mode A and at most 2 for CE Mode B UE for both FDD and TDD.

PUSCH also supports the repeated transmission, and the number depends on the CE mode. The supported repetition numbers are {1,2,4,8,16,32} for CE Mode A and {1,4,8,16,32,64,128,256,384,512,768,1024,1536,2048} for CE Mode B. The actual number is given in DCI format 6-0A/B.

As same as PDSCH, the supported modulation schemes are QPSK and 16QAM only.
PUSCH supports frequency hopping between 2 narrowbands and supported intervals are {1,2,4,8} for CE Mode A FDD, {1,5,10,20} for CE Mode A TDD, {2,4,8,16} for CE Mode B FDD, and {1,5,10,20} for CE Mode B TDD. 
3
BS demodulation requirements
3.1
Scope of demodulation requirements
As summarized in section 2, the existing physical uplink channels are extended in order to support the Rel-13 eMTC features. Since the extended functionalities are only applicable for UE category M1, the BS demodulation requirements for the extended UL channels should be optional.
Proposal 1: BS demodulation requirements for UL channels to support UE category M1 are optional. 
3.2
PRACH
The extended functionalities of PRACH for eMTC are repeated transmission and frequency hopping. Although the repetition is applicable for PRACH formats 0-3, PRACH formats 2 and 3 are equivalent to the 2 times repetition in principle. Therefore we think it is sufficient to introduce the test case for PRACH format 0 and 1.
As summarized in section 2, the different repetition level is used to judge the UE coverage level; extended coverage or normal coverage. Therefore we could introduce two repetition levels one for 2/4 repetitions and the other for 64/128 repetitions. 
· Introduce new PRACH requirements with repetition:
· PRACH Preamble formats: 0 and 1
· Repetition
· [64,128] for extended coverage
· [2,4] for normal coverage
· Propagation channel and antenna configuration: AWGN, {1x2, 1x4, 1x8}

· No frequency offset
· Enable frequency hopping 

· Metric: 0.1% of false alarm probability 
Proposal 2: Introduce PRACH demodulation requirement with repetition.

3.3
PUCCH

RAN1 have decided UE category M1 reply HARQ-ACK on the existing PUCCH formats such as format 1a. RAN1 also decided that the UE category M1 CE Mode A sends CQI on the existing format such as format 2. We propose to introduce these test cases by reusing the existing test cases. 
As summarized in section 2, PUCCH for UE category M1 supports repetition and frequency hopping. Although the supported repetition levels are different between CE Mode A and B, repetition levels 4 and 8 are common for both modes. Therefore we propose to set one of them. It is also for frequency hopping interval; the common hopping intervals for FDD are 2, 4, and 8.
The proposal test setup is summarized as follows:
· Introduce ACK missed detection requirements for PUCCH format 1a

· Normal cyclic prefix only 
· EPA5 low {1x2, 1x4, 1x8}

· Repetition [4 or 8]

· Frequency hopping interval [2, 4 or 8]
· Metric: 1% of the ACK missed detection probability 
· Introduce CQI performance requirements for PUCCH format 2
· Normal cyclic prefix only 
· CE Mode A only
· EVA5 low {1x2}

· Repetition [1 or 2]
· Frequency hopping interval [2, 4 or 8]
· Metric: 1% of the CQI block error probability

Proposal 3: Introduce PUCCH demodulation requirements for format 1a and format 2 with repetition and frequency hopping.  
3.4
PUSCH

PUSCH for UE category M1 supports repetition as well as PUCCH. Another limitation is the maximum TBS is 1000bits and the maximum PRB size is 6. We propose to introduce two test cases; one for 16QAM and the other is for QPKS reusing the existing FRC in TS36.104. For test 1, assuming CE Mode A, we propose to reuse FRC A4-1, that is 16QAM 3/4 with 1PRB. The preferable repetition levels are 2, 4 or 8. For test 2, assuming CE Mode B, we propose to reuse FRC A3-2, that is QPSK 1/3 with 6PRB. The preferable repetition levels are 64, 128 or 256. 
PUSCH also support the frequency hopping and the preferable intervals are 2, 4 or 8 for FDD, because these values are common for both CE Mode A and B. 
The proposal test setup is summarized as follows:  
· Introduce the minimum requirement of PUSCH for eMTC based on the existing 1.4MHz channel bandwidth, 1Tx requirements.

· Normal cyclic prefix only.
· Test 1 (assuming CE Mode A)
· 16QAM 3/4, 1PRB, TBS=408 bits (reusing FRC A4-1 in TS36.104)
· EPA5 {1x2, 1x4, 1x8}

· Repetition [2, 4, or 8]
· Test 2 (assuming CE Mode B)
· QPSK 1/3, 6PRB, TBS=600bits (reusing FRC A3-2 in TS36.104)
· [EPA1] {1x2, 1x4, 1x8}
· Repetition [64, 128, or 256]
· Frequency hopping interval [2, 4, or 8]
· Metric: 70% of maximum throughput 
Proposal 4: Introduce PUSCH demodulation requirement with repetition and frequency hopping.  

4
Conclusion

Proposal 1: BS demodulation requirements for UL channels to support UE category M1 are optional. 

Proposal 2: Introduce PRACH demodulation requirement with repetition.

Proposal 3: Introduce PUCCH demodulation requirements for format 1a and format 2 with repetition and frequency hopping.  

Proposal 4: Introduce PUSCH demodulation requirement with repetition and frequency hopping.  
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Appendix
Table 1
Fixed Reference Channels for performance requirements specified in TS36.104. 
	Reference channel
	A4-1
	A3-2

	Allocated resource blocks
	1
	6

	DFT-OFDM Symbols per subframe
	12
	12

	Modulation
	16QAM
	QPSK

	Code rate
	3/4
	1/3

	Payload size (bits)
	408
	600

	Transport block CRC (bits)
	24
	24

	Code block CRC size (bits)
	0
	0

	Number of code blocks - C
	1
	1

	Coded block size including 12bits trellis termination (bits)
	1308
	1884

	Total number of bits per sub-frame
	576
	1728

	Total symbols per sub-frame
	144
	864
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