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1 Introduction
The existing SI reading requirement is defined in sections 8.1.2.2.3 and 8.1.2.2.4 of TS 36.133 respectively for FDD and TDD systems. The single antenna capability of low complexity UEs may have an impact on these requirements, i.e. it may be difficult to identify the new CGI of E-UTRA cell within 150 ms and/or the minimum number of ACK/NACK that the UE is required to transmit under certain conditions cannot be fulfilled. 
This paper presents the simulation results of E-UTRA CGI acquisition time for FD-FDD, TDD and HD-FDD low complexity UEs. The results are compared to existing requirements whether they can be fulfilled and the minimum number of HARQ ACK/NACK feedback that the UE is required to transmit is derived from this number. This is done for both FDD and TDD. 
2 Background and simulation results 
2.1 Background
There are mainly two types of SI (System Information) that are needed to identify the Cell Global Identifier (CGI) of the new cell given that this new cell has already been detected which means that the PCI of this cell already is known. The two types of SIs which are needed to identify the CGI are MIB and SIB1. MIB is transmitted on the PBCH channel while SIB1 is multiplexed into PDSCH channel. MIB is transmitted in subframe #0 with a periodicity of 40 ms and 4 redundancy versions are transmitted within this period. SIB1 is transmitted on subframe #5 and it has a periodicity of 80 ms. The CGI requirements defined in 8.1.2.2.3 and 8.1.2.2.4 in 36.133 are defined for FDD and TDD, and the requirements mainly consist of three parts as shown below. It is notable that CGI requirements for HD-FDD UEs are not defined in 36.133 yet. 
1. Time to identify a new CGI of an E-UTRA cell, which is 150 ms. 
2. The minimum number of ACK/NACK that the UE is required to transmit 

3. ECGI reporting delay
2.2 Simulation results

The simulation results below show the MIB and SIB1 decoding and its probability of error of an E-UTRA cell for the low complexity UEs capable of single receive antenna. 
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Figure 1: MIB decoding with 1 and 2 rx for AWGN channel (left) and ETU70 channel (right) in FDD.
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Figure 2: SIB decoding for 1 and 2 rx for AWGN channel (left) and ETU70 channel (right) in FDD.
3 Discussion
3.1 CGI acquisition delay for FD-FDD, HD-FDD and TDD UEs
Figure 1 in section 2 shows the simulation results of MIB decoding for both AWGN and ETU70 channel for both 1 and 2 Rx. The figure shows that MIB results with 1 Rx and 3 attempts can be successfully decoded with good margin with 90% probability for SINR >= -6 dB in AWGN channel. However, in more realistic scenario like ETU70 the error rate increases and SINR margin decreases. But the MIB can still be decoded with 90% probability for SINR>= -6 dB. Figure 2 shows that decoding SIB successfully with 90 % probability for SINR >= -6 dB becomes difficult for 1 rx case in both AWGN and ETU70.
These results show that reducing the number of receive antennas have a significant impact on success rate of MIB and SIB1 decoding because the same rate of BLER cannot be maintained at the same SINR target with 1 Rx. This means that more attempts, 150 + TBD ms, may be needed to successfully capture the CGI. . The impact of reducing the number of receive antennas has been analysed earlier with respect to other aspects e.g. RSRP, RSRQ) in [1] and it was concluded that this leads to UE accuracy performance degradation. This effect is also expected to be the case as the figures above indicate for UE’s ability to identify the CGI. The new CGI acquisition delay may therefore be defined as below:

CGI acquisition delay = Existing delay + TBD ms

This time is expected to be the same for both FDD and TDD similar to existing requirements. The CGI of the target cell is identified using autonomous gaps during which both the UE and eNB refrains from any transmission in both uplink and downlink. This means that the CGI acquisition time of [150 + TBD ms] derived for FD-FDD and TDD UEs also apply for the HD-FDD UEs. 

3.2 HARQ feedback requirements

One type of performance metric of the serving cell is the minimum number of HARQ ACK/NACKs that the UE is required to transmit during the CGI acquisition time. Such a requirement of an UE operating under a FDD system is 60 ACK/NACKs as defined in section 8.1.2.2.3.1 under certain conditions as shown below:

· there is continuous DL data allocation,

· no DRX cycle is used,

· no measurement gaps are configured,

· only one code word is transmitted in each subframe and

· no MBSFN subframes are configured in the PCell.

Corresponding requirement for UEs operating under various TDD configurations are provided in table 8.1.2.2.4.1.1-1 in section 8.l.1.2.2.4 of 36.133. Since the figures in section 2 show that the CGI acquisition time is affected and needs to be extended then these ACK/NACK numbers will certainly be affected and they needs to be recalculated for low complexity UEs. If this time is extended more number of HARQ ACK/NACKs can be transmitted and therefore this requirement of minimum number HARQ feedback that the UE is required to transmit should be recalculated and can possibly be relaxed for FDD and for each TDD configuration as in Table 3.2-1. However, no such requirement is to be defined for HD-FDD UEs since the number of uplink and downlink subframes available for such UEs depends on the scheduling as explained in [1]. The new requirement on minimum number of HARQ ACK/NACKs feedback the UE is required to transmit should be defined as follows
New HARQ requirement = Existing requirement + TBD number of ACK/NACKs for low complexity UEs. 

Table 3.2-1: 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+TBD

	1
	35+TBD

	2
	43+TBD

	3
	36+TBD

	4
	39+TBD

	5
	42+TBD

	6
	30+TBD

	Note 1:
The applicability of this requirement is TBD.


4 Summary 
In this paper we present the simulation results of MIB and SIB1 acquisition and discuss its impact on existing CGI acquisition requirement and on existing requirement on minimum number of HARQ ACK/NACKs the low complexity UE is required to transmit during CGI acquisition time. We also discuss how the new requirements should be derived and present MIB/SIB1 simulation results that should be considered for further discussion. 
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