3GPP TSG RAN WG4 Meeting #77 NB-IOT AH
       R4-77AH-IoT-0068
Budapest, Hungary, 20 - 22 January, 2016
Source: 
Ericsson
Title:
Remaining issues of SI reading requirements for eMTC 
Agenda Item:
4.3
Document for:
Discussion

1 Introduction
SI reading requirements were discussed at last RAN4#77 meeting and it was agreed in [1] to introduce SI reading requirements for category M1 UEs under enhanced coverage. It was also agreed to reuse the ECGI acquisition delay of 190 ms from category 0 UE requirements. SI reading requirements also consists of requirements on minimum number of HARQ feedback, and this was agreed as TBD. Also the exact number of repetition levels needs to be decided and the minimum number of HARQ feedback should be calculated based on these repetition levels. In this contribution we discuss these remaining issues further.
2 Discussions 
2.1 SI Reading Requirements

At last RAN4#77 meeting following agreements were reached regarding SI reading [1]:

	· SI reading requirement
· Rel-12 category 0 UE requirements on CGI acquisition requirements of [190] ms is used.

· The exact repetition number for MIB/SIB1bis is pending RAN1 agreement. 

· The requirement on minimum ACK/NACKs is TBD.


In [2] we provided SI reading simulation results using different number of repetitions for MIB and SIB1bis. The results showed that ECGI can be acquired within 190 ms with any repetition combination of MIB and SIB1bis. 
UE creates autonomous gaps which are of length 4 ms to acquire the ECGI. During this gap period UE refrains from all transmission and reception. The purpose of the HARQ requirement is to ensure that the UE does not create excessive gaps, and UE is therefore required to transmit a minimum number of ACK/NACK on the uplink. The category 0 UE is required to transmit at least 92 ACK/NACks during the ECGI acquisition delay. Although category M1 UE is able to acquire ECGI within the same time duration, it requires repetitions of MIB and SIB1bis. This means that the minimum number of ACK/NACKs that the UE can transmit within this time will be reduced. 
In order to calculate the exact number of ACK/NACK that can be transmitted during this duration, the number of repetitions of MIB and SIB1bis needs to be decided. The results in [2] showed that with following combinations of MIB and SIB1bis UE is able to acquire ECGI within 190 ms:
· MIB:1-SIB1bis:4

· MIB:2-SIB1bis:0

· MIB:2-SIB1bis:1

· MIB:2-SIB1bis:2

However, it shall be noted RAN1 design does not support repetition level of 2 for MIB. The current design allows 0 repetition or 4 repetitions [3]. Thus requirement has to derive assuming 4 repetitions of MIB for CE mode B. For SIB1bis on the other hand following repetitions are possible[4]: 4,8,12. 
· Observation #1: Current RAN1 design allows repetition levels of 0 or 4 for MIB for eMTC.

· Observation #2: Current RAN1 design allows following repetition levels for SIB1bis: [4,8,12,..]
To support devices operating at enhanced coverage, i.e. down to e.g. -15 dB SINR, large number of repetitions of both downlink and uplink signals are needed. This is illustrated in Figure 1 where the following is assumed:
· M-PDCCH repetition: 128
· PDSCH repetition: 64
· PUCCH repetition: 32
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Figure 1: Example with downlink and uplink repetitions for eMTC under enhanced coverage
As noted above, the repetitions include also the transmission of HARQ feedback. In the example scenario in Figure 1, UE receives M-PDCCH transmissions in the first 128 subframes, followed by PDSCH transmission in the next 64 subframes. The HARQ feedback is then transmitted in subsequent 32 subframes. This means that in total 192 subframes may be needed to receive downlink data one subframe in bad radio conditions i.e. at low SINR of -15 dB. In legacy SI reading procedure, UE is allowed to create autonomous gaps to read MIB and SIB1 (SIB1bis for eMTC). UE is allowed to acquire the ECGI within 190 ms in total. This means that if UE creates autonomous gaps within this period, the data transmission will be adversely affected. Thus in our view, it is not relevant to introduce requirements on minimum number of ACK/NACK for the case when the SNR of the serving cell is low. 
· Observation #1: It is not relevant to define requirements on minimum ACK/NACK when repetitions are employed in the serving cell, i.e. SNR<-6 dB.

When no PDSCH repetition is employed in the serving cell the UE shall be capable of sending a minimum number of ACK/NACKs to the serving cell (or test equipment) during the 190ms CGI acquisition period. The minimum number of ACK/NACKs depends on the duplex mode and configuration of the serving cell as well as on the duplex mode of the target cell. 

The UE may assume that repetition is used in the target cell and may apply puncturing correspondingly. MIB and SIB1bis with and without repetition in subframe 9 and every second subframe 4, respectively, are illustrated in Figure 1. For legacy LTE system it was assumed that the UE needed to puncture 4 subframes of the source cell for each target cell subframe carrying MIB or SIB1. Therefore for an MTC UE when not one but two adjacent subframes are carrying MIB and SIB1, respectively, one additional subframe may be punctured. On top of this there is, similar to legacy, additional gaps allowed for gain search at the beginning of the acquisition. Since MTC systems are operating over the minimum bandwidth there is no need for bandwidth reconfiguration and associated gain search after the MIB acquisition.
An exemplary puncturing pattern and associated minimum number of ACK/NACKs for FDD target cell and FDD or TDD serving cell is provided in Table 1. When continuously scheduled on the downlink the UE shall send the minimum number of ACK/NACKs as stated in the table. A corresponding table may easily be derived for the case when the target cell is a TDD cell.The repetitions in the target cell are not mandatory, hence the UE has to detect or hypothesize whether repetition is used or not. In case the UE fails to acquire the CGI before a timer (T321) expires after 190ms+15ms RRC procedure delay, the UE reports to the network that no cell was found; otherwise it reports the CGI of the target cell.
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Figure 2: MIB and SIB1 TTIs in FDD. (a): regular MIB, (b): MIB with repetition, (c): regular SIB1, (d): SIB1 (SIB1bis) with repetition. Shaded subframes indicate the transmission of MIB and SIB1, respectively.

Table 1: Exemplary puncturing pattern and least number of ACK/NACKs that can be sent considering all possible timing offsets between serving and target cells. Figures apply for FDD or TDD serving cell without repetition and FDD target cell with assumed repetition.

	No repetition in serving cell. Target cell is FDD with MIB and SIB1bis repetition.

Subframe patterns indicate presence of gap in the source cell by (1) and absence by (0).
	Minimum number of A/Ns

per configuration

	
	FDD
	TDD #0
	TDD #1
	TDD #2
	TDD #3
	TDD #4
	TDD #5
	TDD #6

	Proposed minimum requirements
	74
	25
	39
	55
	38
	45
	34
	31

	Exemplary pattern eMTC1
	Subframe 0:9
	
	

	AGC is carried out immediately before start of the MIB acquisition, in target cell subframe 9.
No bandwidth reconfiguration needed between MIB and SIB1 reading. 
	1 1 1 1 1 0 0 0 0 0                      1 1 1 1 1 0 0 0 0 0                      1 1 1 1 1 0 0 0 0 0                      1 1 1 1 1 0 0 0 0 0                      1 1 1 1 1 0 0 0 0 0                      1 1 1 1 1 0 0 0 0 1                      1 1 1 0 0 0 0 0 0 0                      0 0 0 0 1 1 1 1 1 0                      0 0 0 0 0 0 0 0 0 0                      0 0 0 0 1 1 1 1 1 0                      0 0 0 0 0 0 0 0 0 0                      0 0 0 0 1 1 1 1 1 0                      0 0 0 0 0 0 0 0 0 0                      0 0 0 0 1 1 1 1 1 0                      0 0 0 0 0 0 0 0 0 0                      0 0 0 0 1 1 1 1 1 0                      0 0 0 0 0 0 0 0 0 0                      0 0 0 0 1 1 1 1 1 0                      0 0 0 0 0 0 0 0 0 0
	Radio frame 0:18
	74
	25    
	39
	55
	38
	45
	34
	31

	


· Proposal #1: Requirements on minimum ACK/NACK are to be specified as provided in Table 1 for FDD and TDD for cases in Table 2 provided that repetitions are employed at the target cell: 
Table 2: Proposed requirements on minimum ACK/NACK 
	Serving cell
	Target cell

	SNR [dB]
	Minimum ACK/NACK requirement
	MIB repetition level
	SIB1bis repetition level

	≥ -6
	As in Table 1
	4
	4

	< -6
	N/A
	4
	4


3 Summary 
RAN4 has agreed to define SI reading requirements for category M1 UEs under enhanced coverage. The requirements consist of ECGI acquisition delay and minimum number of ACK/NACK. The EGI acquisition delay was agreed as 190 ms. In this contribution we have studied the requirements on minimum ACK/NACK. Based on the analysis, we have made following observations and proposals:

· Observation #1: It is not relevant to define requirements on minimum ACK/NACK when repetitions are employed in the serving cell, i.e. SNR<-6 dB.

· Proposal #1: Requirements on minimum ACK/NACK are to be specified as provided in Table 1 for FDD and TDD for cases in Table 2 provided that repetitions are employed at the target cell: 

Table 2: Proposed requirements on minimum ACK/NACK 

	Serving cell
	Target cell

	SNR [dB]
	Minimum ACK/NACK requirement
	MIB repetition level
	SIB1bis repetition level

	≥ -6
	As in Table 1
	4
	4

	< -6
	N/A
	4
	4
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