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1. Introduction
At the 3GPP RAN#53 meeting, working assumptions for HeNB in-bound mobility simulations have been agreed [1]. The intention of the requirements is to capture both MIB/SIB1 reading/reporting latency and service interruption at the serving cell.  In [2], simulation results for PDSCH, MIB and SIB1 have been shown. In this contribution, we recommend simplified methodology for minimum performance evaluation.
2. MIB and SIB1 reading latency
In [2], MIB and SIB1 decoding BLER statistics are provided. Note that in order to derive the latency requirements, sequential MIB and SIB1 decoding simulations need to be performed, which could reveal proper tail latency in correlated fading environments. On the other hand, a conservative upper bound of performance could be obtained by adding up the tail latency. For example, assume the 90% decoding attempts for MIB and SIB are X and Y, respectively. The worst case 90% total decoding latency at 0 dB should be less than 10X + 20Y ms. 

In addition, the frame offset of MIB and SIB1 starting transmission could also lead to additional delay [3]. The worst case MIB and SIB1 frame offset was shown to cause increase in decoding attempts and PDSCH gaps shown in Table 1 [3].

Table 1 Impact on the gaps required for SI reading due to MIB and SIB1 frame offset
	The number of gaps needed for correctly decoding MIB/SIB1, simulation
	The number of interruption gaps for the serving cell PDSCH performance evaluation

	1
	1

	2
	3

	3
	5

	4
	7


Based on this analysis, the upper bound of 90% MIB + SIB1 decoding latency is shown in Figure 1. For -6 dB SNR, the 90% tail latency is shown to be 70 ms and 110 ms for the best case and the worst case timing offset, respectively.
Proposal 1: MIB + SIB1 decoding latency requirements could be conservatively estimated by adding up the tail latency of each step.
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Figure 1 MIB + SIB1 decoding latency 90% upper bound with zero and worst case frame offset
3. Coupling of PDSCH and MIB/SIB1 simulations
In [1], three options were given for serving cell PDSCH simulations while reading MIB/SIB1 from HeNB cell:
· Scenario B: [TBD]

· Option 1: Depend on implementation

· Option 2: Assume the worst case scenario (4 gaps for MIB and 4 gaps for SIB1)

· Option 3: Depends on the simulation results for section 2.3 below.

· It is proposed that 3 sub-frames for each gap should be used. 

Option 1 offers little commonality for comparing results cross multiple companies. Option 2 could be used to calibrate simulation results, but the results may not be consistent with the MIB/SIB1 reading latency requirements.

Option 3 is expected to generate the most accurate simulation results that capture the true autonomous SI reading behaviour. However, with this option both MIB/SIB1 decoding from cell 2 and PDSCH decoding from cell 1 need to be simulated simultaneously, and the decoding processes need to interact with each other. 

In [2], simulations were carried out for PDSCH decoding under all possible MIB/SIB1 reading gap pattern with 3 subframe gaps. In Figure 2, we show the normalized throughput, where the actual throughput is normalized with the fraction of subframes that are lost due to SI reading gaps. Consider a gap pattern of X MIB attempts and Y SIB attempts and a total simulation time of 160 subframes, the normalized throughput T’ is given by
T’ = [ 160 / (160 – 3X - 3Y)) ] * T, 






(eq.1)
where T is the measured throughput. 
It is observed that the normalized throughput curves for all patterns are on top of the reference throughput curve with no gap. This implies that the impact of SI reading on throughput is simply the loss of tune-away subframes ( 3X + 3Y ) independent of the exact pattern (X:Y).

In conclusion, the impact of SI reading on PDSCH throughput is observed to be a function of the number of gaps for SI reading. We believe join simulation of PDSCH decoding at the serving cell and MIB/SIB1 reading at the target HeNB has little value. For an SI reading latency requirement corresponds to X and Y MIB/SIB1 gaps, the throughput loss requirement could be approximated by (3X + 3Y)/T3, where T3 is the total number of PDSCH subframes transmitted from the serving cell. 
Consider the simulation results shown in Figure 1, where the 90% latency for -2 dB SNR is 30 ms. This corresponds to 1 MIB and 1 SIB1 reading gap, i.e., (X,Y) = (1,1). The corresponding throughput loss requirement based on eq.1 is (3+3)/160 = 4%.
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Figure 2 Normalized PDSCH throughput with MIB/SIB1 gap pattern (X, Y)

Proposal 2: Throughput loss requirements from the serving cell due to autonomous SI reading could be derived based on the number of gaps required to satisfy the SI reporting latency requirements without join MIB/SIB1 and PDSCH simulations.
4. Minimum performance requirements for intra-frequency and inter-frequency SI reading
In previous sections, PDSCH throughput loss due to autonomous gap is modeled with missing DL subframes. For inter-frequency SI reading, the time required for RF tuning and tracking loop convergence are on the order of hundreds of ms. For intra-frequency SI reading, the time required for switching to a neighboring cell is much smaller in practice. In asynchronous network, a UE is expected to miss 2-3 DL subframes on the serving link taking into account the tuning time. 
In this section, we discuss the impact of SI reading gap on UL transmission, which in turn affect the PDSCH decoding. Inter-frequency SI reading on DL is expected to cause UL DTX due to RF constraints. This is to some extend similar to current requirements on UE not transmitting on UL during inter-frequency measurement gap [4]. On the other hand, intra-frequency SI reading on DL may not lead to UL DTX.

One direct impact of UL DTX is UL throughput loss on the serving link. A secondary impact is the loss of ACK/NAK for PDSCH transmission on the serving link. Considering a typical average number of transmission of 1.1 on DL, losing the ACK/NAK of a subframe effectively doubles the number of transmissions. One simple approach to model the PDSCH throughput loss due to missing ACK/NAK on subframe N is to assume the DL subframe N-4 is lost. This implies that a 3-subframe gap for inter-frequency SI reading leads to a loss of 6 PDSCH subframes.
Proposal 3: An intra-frequency autonomous SI reading gap of K subframes could be modelled as a loss of K PDSCH transmissions. An inter-frequency autonomous SI reading gap of K subframes could be modelled as a loss of 2K PDSCH transmissions. 
5. Conclusions
In this contribution, a simplified simulation methodology is proposed for defining HeNB inbound mobility minimum performance requirements. We recommend the working group takes the following proposals into account:
Proposal 1: MIB + SIB1 decoding latency requirements could be conservatively estimated by adding up the tail latency of each step.
Proposal 2: Throughput loss requirements from the serving cell due to autonomous SI reading could be derived based on the number of gaps required to satisfy the SI reporting latency requirements without join MIB/SIB1 and PDSCH simulations.
Proposal 3: An intra-frequency autonomous SI reading gap of K subframes could be modelled as a loss of K PDSCH transmissions. An inter-frequency autonomous SI reading gap of K subframes could be modelled as a loss of 2K PDSCH transmissions. 
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