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1 Introduction
In last 3GPP RAN4 #72 meeting Ericsson presented a paper [1] containing simulation results of MIB and SIB1 acquisition for 1 Rx and 2 Rx UEs under AWGN and ETU70 propagation channels. Simulation results showed performance degradation with 1 Rx compared to 2 Rx UEs. This paper included discussion on what requirements are affected and how the new requirements can be defined based on the simulation results for FD-FDD, HD-FDD and TDD UEs. This paper, [1],  triggered some discussion on propagation channels and the need for relaxation of requirements for category 0 UEs. This paper presents further simulation results that include MIB and SIB1 acquisition simulation results with single eNB Tx antenna and Tx Diversity for AWGN, EPA5 and ETU70. 
2 Simulation results 
The simulation results below show the MIB and SIB1 probability of error when decoding as function of SNR for a few different cases; UEs with 1 Rx and 2 Rx, eNBs with single Tx antenna and Tx Diversity, and AWGN, EPA5 and ETU70 channels. 
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Figure 1: MIB decoding with 1 and 2 Rx for AWGN (upper left), EPA5 (upper right) and ETU70 (lower) in FDD with single eNB Tx antenna.

[image: image2]
Figure 2: SIB1 decoding with 1 and 2 Rx for AWGN (upper left), EPA5 (upper right) and ETU70 (lower) in FDD with single eNB Tx antenna.
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Figure 3: MIB decoding with 1 and 2 Rx for AWGN (upper left), EPA5 (upper right) and ETU70 (lower) in FDD with eNB Tx diversity.
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 Figure 4: SIB1 decoding with 1 and 2 Rx for AWGN (upper left), EPA5 (upper right) and ETU70 (lower) in FDD with eNB Tx diversity.
3 Discussion
3.1 Existing requirements
ECGI Acquisition requirement

The existing SI reading requirements in section 8 in [2] were defined based on results from AWGN channels. The UE is required to report intra-frequency ECGI within 150 ms from a target intra-frequency cell provided that its SINR is at least -6 dB. More specifically, MIB and SIB1 shall be successfully decoded with 90 % probability (BLER less than 10%) for UEs in both DRX and non-DRX mode. During the acquisition of MIB and SIB1 the UE create autonomous gaps in which the UE refrains from all transmission in both uplink and downlink. 

HARQ Feedback Requirement
One type of performance metric that is used in existing requirement is the minimum number of HARQ ACK/NACKs that the UE is required to transmit during the ECGI acquisition time. For an UE operating in a FDD system is 60 ACK/NACKs provided that some conditions are fulfilled (see section 8.1.2.2.3.1), and the corresponding requirements for TDD configurations can be found in Table 1. 
Table1: Requirement on minimum number of ACK/NACKs to transmit during Tbasic_identify_CGI, intra.

	UL/DL configuration
	Minimum number of transmitted ACK/NACKs

	0 (Note 1)
	18

	1
	35

	2
	43

	3
	36

	4
	39

	5
	42

	6
	30

	Note 1:
The applicability of this requirement is TBD.


3.2 Analysis
Single Tx Transmissions:

The figures in section 2 show two types of simulation results for MIB and SIB1 acquisition. Figure 1 shows MIB acquisition for AWGN, EPA5 and ETU70 channels. These results show that 3 blocks from MIB and 3 redundancy versions from SIB1 during the same period can be successfully decoded with less than 10 % BLER by 1 Rx UEs at -6 dB. These results assume single eNB Tx antenna transmission. The acquisition is successful not only for AWGN, but also under more realistic channel conditions like EPA5 and ETU70. It is observed that there is a BLER degradation with 1 Rx compared to 2 Rx as one could expect, and BLER also goes down with increased number of attempts. 
Similar SIB1 decoding results with single Tx is shown in Figure 2. This figure shows that the BLER target can be reached under static channel conditions. But a higher BLER probability, exceeding the target of 10 %, is seen in fading channels EPA5 and ETU70. It can also be seen that increasing the number of attempts to 4 does improve the BLER, but it is still greater than below 10 %. For ETU70 the BLER is lower than for EPA5 because of fast-fading, but in neither channel a 1 Rx UE can successfully decode SIB1 assuming single eNB Tx antenna transmission.  
Tx Diversity Transmissions:
MIB acquisition was not a problem with single Tx transmission. The simulation results in both ideal- and fading channel conditions shows that 1 Rx UE can successfully be decoded. The MIB simulation results in Figure 3 assuming Tx diversity shows no additional big gains for MIB. 
More interesting is the SIB1 results with Tx diversity provided in Figure 4. These results show great BLER improvement in all channels, especially in fading channels. In Figure 2 it was noted that the single Rx UEs failed to decode SIB1 with the target BLER probability. This figure shows that adding an additional transmit antenna brings large gain. Singe Rx UEs in ETU70 succeed to decode SIB1 with good quite good margin. But single Rx UEs in EPA5 fail to decode SIB1 with the given BLER target of 10%. A BLER of ~12 % is observed at -6 dB in EPA5 channels. The single Rx UEs in ETU70 make use of higher frequencies in channels (fast fading) and can therefore successfully decode SIB1 with higher probability than in EPA5. 
For the case of EPA5 with eNB Tx diversity, one could increase the attempts needed to decode SIB1 to 4 redundancy versions instead of 3 within the same 80 ms period. In this case, the total ECGI acquisition time has to be recalculated as well as corresponding HARQ requirements in FDD and various TDD configurations as pointed out in [1]. The eNB Tx diversity is needed for single Rx UEs, therefore we propose the following: 
· Proposal 1: SI-reading requirement is applicable for UE category 0 with 1 Rx only if eNB Tx diversity or transmission using multiple antennas is supported in the target cell to be detected. 

4 New requirements
CGI Acquisition Delay

In the previous section it was observed that single Rx UEs fail to decode SIB1 in fading channels (EPA5). In this section the new ECGI acquisition time and ACK/NACK requirement during this time is derived. It was observed in the figures that SIB1 decoding failed with 3 Redundancy Version (RV) in EPA5 and increasing the RVs to 4 achieved good BLER. Hence, for MIB 3 blocks are used as now, but SIB1 RVs is increased to 4. This requires 5 gaps for MIB and 7 gaps for SIB1 including tail latency due to unknown start as listed in Table in [3]. The total CGI acquisition delay would be 190 ms (10*5+20*7). This means an extension of 40 ms. 

· Proposal 2: The maximum allowed time for the UE to identify a new CGI of an E-UTRA cell is defined as 190 ms for single Rx UEs in FDD, TDD and HD-FDD. 

Minimum ACK/NACK Requirement in FDD
During the CGI acquisition UE creates autonomous gaps which are of length 4 ms. UE refrains from all transmission and reception during this period. The purpose of the HARQ requirement is to ensure that the UE does not create excessive gaps, and the UE is therefore required to transmit certain number of ACK/NACK on the uplink. In existing HARQ requirement UE is required to transmit at least 60 ACK/NACK during CGI acquisition time of 150 ms.
This number was calculated based on 3 gaps for MIB and 3 gaps for SIB1. Based on the simulation results presented in earlier section, it is proposed that number of SIB1 RVs is extended from 3 to 4, i.e. an additional SIB1 RV.  The new ACK/NACK requirement can be derived as:
Equation 1:
New HARQ requirement = Existing requirement + number of ACK/NACK that are possible to send during additional 40 ms without gaps – number of ACK/NACKs lost due to an additional SIB1 RV 
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Figure 5: Gap of 5 ms showing missed ACK/NACK for subframes before the gap and missed NACK for subframes after the gap. 

In total, 8 ACK/NACKS are lost during a gap of 4 ms since 4 are lost due to that DL subframe is not received and 4 are lost due to that response on the subframe received before the gap cannot be transmitted. This gives:

New HARQ requirement = 60 + 40 – 8 = 92 ACK/NACKs

· Proposal 3: The single Rx UE shall transmit at least 92 ACK/NACKs within the time allowed for the UE to identify a new CGI of an E-UTRA in FDD. 
Minimum ACK/NACK Requirement in TDD
The method for deriving the minimum number of ACK/NACK is different for TDD because of the different configurations. To simplify the methodology, the method [4] that was used to define existing ACK/NACK requirement in different TDD configurations is also used here. The approach that was used for deriving the ACK/NACK for FDD can be used also here, i.e. Equation 1. 
The difference here is that the number of ACK/NACKs that are possible to transmit and lose depends on TDD configuration. The number of ACK/NACK lost due to addition of 1 SIB1 RV for 1 Rx UEs is taken from the calculations in [4] for different options (due to unknown start). This is shown in Table 3 in Annex. The number of ACK/NACKs that are possible to send during additional 40 ms without gaps is given in Table 4 in Annex. Applying the formula based on the Equation 1 for the various options gives following new requirements as shown in Table 3 below:
Table 2 Total number of ACK/NACKs that can be transmitted for different options in various TDD configurations.

	TDD Configuration
	Total number of available ACK/NACK using option 1
	Total number of available ACK/NACK using option 2
	Total number of available ACK/NACK using option 3

	0
	27+16 – 3 = 40
	27+16 –3 = 40
	18+16 –4 = 30

	1
	45+24– 4 = 65
	35+24 –5 = 54
	37+24 –5 = 56

	2
	73+32 –4 = 101
	43+32 –7 = 68
	46+32 –7 = 71

	3
	48+28 –6 = 70
	36+28 –8 = 56
	46+28 –5 = 69

	4
	57+32 –7 = 82
	39+32 –10 = 61
	62+32 –4 = 90

	5
	90+36 –4 = 122
	42+36 –12 = 66
	55+36 –4 = 87

	6
	30+20 –4 = 46
	30+20 –4 = 46
	31+20 –4 = 47


The option that gives the least number of ACK/NACKs that can be transmitted defines the minimum ACK/NACK requirement because that corresponds to the worst case and this is highlighted in the table. Based on the results in Table X, the following is proposed:
· Proposal 4: The single Rx UE shall transmit at least the N number of ACK/NACKs within the time allowed for the UE to identify a new CGI of an E-UTRA in TDD where N is given in Table 3 below:
Table 3 Minimum number of ACK/NACKs that can be transmitted by 1 Rx UE in various TDD configurations.

	TDD Configuration
	Minimum number of transmitted ACK/NACKs

	
	

	0
	30

	1
	 54

	2
	68

	3
	56

	4
	61

	5
	66

	6
	46


5 Summary 
In this paper we present the simulation results of MIB and SIB1 acquisition for UE category 0 with 1 Rx. We have analysed the results with existing ECGI acquisition requirement, and also using eNB Tx Diversity for the transmission from the target cell to be detected. Based on simulation results we have derived new requirements and propose the following: 

·  Proposal 1: SI-reading requirement is applicable for UE category 0 with 1 Rx only if eNB Tx diversity or transmission using multiple antennas is supported in the target cell to be detected. 
· Proposal 2: The maximum allowed time for the UE to identify a new CGI of an E-UTRA cell is defined as 190 ms for single Rx UEs in FDD, TDD and HD-FDD. 

· Proposal 3: The single Rx UE shall transmit at least 92 ACK/NACKs within the time allowed for the UE to identify a new CGI of an E-UTRA in FDD. 

· Proposal 4: The single Rx UE shall transmit at least N ACK/NACKs within the time allowed for the UE to identify a new CGI of an E-UTRA cell in TDD where N is given in the table below:
	TDD Configuration
	Minimum number of transmitted ACK/NACKs

	
	

	0
	30

	1
	 54

	2
	68

	3
	56

	4
	61

	5
	66

	6
	46


6 Appendix

Table 3Number of ACK/NACK loss during SIB1 gap

	TDD Configuration
	Option 1 (SIB on 3rd subframe of 4 ms gap)
	Option 2 (SIB on 3rd subframe of 2 ms gap)
	Option 1 (SIB on 3rd subframe of 4 ms gap)

	0
	3
	4
	3

	1
	4
	5
	5

	2
	4
	7
	7

	3
	6
	5
	8

	4
	7
	4
	10

	5
	4
	4
	12

	6
	4
	4
	4


Table 4 Number of ACK/NACKs that can be transmitted during additional 40 ms for various TDD configurations

	TDD Configuration
	Number of ACK/NACKs that can be sent during additional 40 ms

	
	

	0
	16

	1
	24

	2
	32

	3
	28

	4
	32

	5
	36

	6
	20


7 References
[1] R4-144921, “Simulation results for SI reading requirements for 1 Rx”, Ericsson
[2] 3GPP TS 36.133, “Evolved Universal Terrestrial Radio Access (E-UTRA); Requirements for support of radio resource management (Release 12)”

[3] R4-100036, “Consideration on the HeNB inbound mobility simulation assumptions ”, Samsung
[4] R4-111065, “Autonomous SI Acquisition requirements in TDD”, Huawei, Hisilicon
PAGE  
4

[image: image1][image: image6.png]BLER

SIB1 decoding in AWGN with TxD

SIB1 decoding in EPA5 with TxD

10 T
—&— 4 attempts - 2 Rx [
—&— 3 attempts - 2 Rx [
""""""""" —o— 4 attempts - 1 Rx [
777777777777777 —©3attempts - 1Rx |
10" & 10"
& 10
ur}
2]
""" —o&— 4 attempts -2 Rx
""" —&— 3 attempts - 2 Rx
,,,,, —=&— 4 attempts - 1 Rx .
—— 3 attempts - 1 Rx
10° 10°
-16 -15 -14 -13 -12 -1 -10 9 8 -18 -16 -14 -12 -10 -8 6 4 2 0 2
SNR SIB1 decoding in ETU70 with TxD SNR

BLER

| —©S— 4 attempts - 2 Rx
—&— 3 attempts - 2 Rx |
| —©— 4 attempts - 1 Rx

—— 3 attempts - 1 Rx

-16 -14 -12 -10 8 6 4
SNR



[image: image7.png]BLER

o MIB decoding in AWGN with TxD MIB decoding in EPAS5 with TxD
10

—6— 4 attempts -2 Rx
—=5— 3 attempts -2 Rx
—5— 4 attempts - 1 Rx
—— 3 attempts - 1 Rx

—&— 4 attempts -2 Rx
—=&— 3 attempts -2 Rx
—&— 4 attempts - 1 Rx
—&— 3 attempts - 1 Rx

el

= 19

u

o

107
48 36 a4 a2 0 3 r P 25 20 a5 5
SR MIB decoding in ETU70 with TxD SNR
10

| —&— 4 attempts - 2 Rx
-1 —&— 3 attempts - 2 Rx
| —&— 4 attempts - 1 Rx
—<— 3 attempts - 1 Rx

BLER

25 -20 -15 -10 5 0 5



[image: image8.png][ cap
|:| Available



[image: image9.png]10

10°

BLER

o SIB1 decoding in static channel SIB1 decoding in EPAS

BLER

1—e—14 attempts - 2Rx —&— 4 attempts - 2Rx

| —&— 3 attempts - 2Rx |- S | —e— 3 attempts - 2Rx

—=&— 4 attempts - 1Rx —=&— 4 attempts - 1Rx

—— 3 attempts - 1Rx : : : 10'2 H —<— 3 attempts - 1Rx - : 3
T T T H H H T T i

-14 -13 -12 -1 -10 -9 -8 -7 6 -5 -15 -10 -5 0 5

SNR [dB] . SNR [dB]
o SIB1 decoding in ETU70
10

[P
w10
2]
1—e—14 attempts - 2Rx
| —5— 3 attempts - 2Rx
—&— 4 attempts - 1Rx |!
—o— 3 attempts - 1Rx |} : : :
102 : : i i i i

-12 -10 8 6 4 2 0
SNR [dB]



