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Introduction
In RAN plenary #80 meeting, new work item on further performance enhancement for LTE in high speed scenario was approved [1]. The objectives of the core part of this WI are as follows:

· Extend the RRM/demodulation enhancement to CA in release 14 HST scenario [RAN4/RAN2]
· At least, extend Rel-14 RRM/demodulation enhancement to CA case 
· The following new scenario are considered for non-CA case [RAN4]
· The target speed is 500km/h (2.8 GHz)
· SFN scenario defined in TS36.101 and TR36.878 with bidirectional coverage for tunnel and open space 
· SFN scenario defined in TS36.878 with unidirectional coverage for tunnel and open space
· More discussion on how to specify the general unidirectional antenna pattern 
· In addition to SFN scenarios, other deployment scenarios are not precluded
· Evaluate the downlink and uplink demodulation performance under the above scenarios, using the existing LTE CRS/DMRS, and study possible enhancements of the downlink and uplink demodulation under those scenarios, aiming to provide inputs to RAN2 if needed [RAN4] 
· New or modified physical layer reference signals shall not be considered
· Change for PRACH shall not be considered 
· The maximum Doppler shift supported by the LTE CRS/DMRS transmission schemes is to be determined by RAN4
· If RAN4 identifies the necessity for enhancements, define relevant signaling support [RAN4/RAN2]
· Investigate the RRM measurement performance in the high speed scenario [RAN4]
· If RAN4 identifies the necessity for enhancements, define relevant signaling support [RAN4/RAN2]
· Investigate the robustness for RLM in the high speed scenario [RAN4]
·  If RAN4 identifies the necessity for enhancements, define relevant signaling support [RAN4/RAN2]



In this paper, we present high-level discussions on the above topics supported by some preliminary simulation results. 
Discussion
Extending R14 HST RRM/Demodulation requirements to CA:
R14 defined RRM/Demodulation requirements for HST in single CC only. With the proliferation of carrier aggregation deployments, it is logical to extend some of the requirements to CA scenarios. In particular, there is no reason to limit the demodulation performance requirements to single CC. We believe these can readily be extended to CA scenarios.
Proposal 1. Extend the R14 HST demodulation requirements to CA scenarios.
Extending R14 RRM requirements for HST to CA mode needs some consideration though. R14 HST RRM requirements include [2]:
· Measurements of intra-frequency cells in RRC_IDLE per Section 4.2.2.3: with highSpeedEnhancedMeasFlag, measurement intervals for DRX cycles less than 2.56s are shortened. 
· Measurements of intra-frequency cells in RRC_CONNECTED per Section 8.1.2.2: with highSpeedEnhancedMeasFlag, measurement intervals for DRX cycles less than 2.56s are shortened. 
· RSRP and RSRQ intra-frequency accuracy requirements with highSpeedEnhancedMeasFlag per Section 9.1.2A and 9.1.5A, respectively.
· RSRP and RSRQ inter-frequency accuracy requirements with highSpeedEnhancedMeasFlag per Section 9.1.3A and 9.1.6A, respectively.

In the above list, the first item cannot be extended to CA due to its applicability in RRC_IDLE state. The measurement requirements for CA are specified in Section 8.3 and currently explicitly indicates that HST requirements are only applicable to PCC. The non-HST CA requirements in Section 8.3.3.2 with common DRX are the same as those in single-carrier scenario in Section 8.1.2.2 in terms of time-to-identify and time-to-measure. Hence, the same adjustment that was made in HST mode in Section 8.1.2.2 can be considered for CA requirements in Section 8.3.3.2. However, some considerations to power-saving tradeoff are warranted. In HST-type homogeneous deployments where RRHs support the same frequency layers, it is potentially possible to infer measurements on SCCs based on measurements of the PCC (e.g., in HO scenario, travel direction of UE can be inferred from PCell measurement to aid with HO of SCells).
Observation 1. Measurement requirements in terms of time-to-identify and time-to-measure for SCCs with common DRX are the same as those for single-carrier scenario.  
Proposal 2. RAN4 to consider adjusting the CA measurement requirements for shorter DRX cycles in the same manner as in Section 8.1.2.2. Power-saving tradeoff should also be considered.
 
HST coverage models:
Two coverage models for HST operation are described in [3]:
· SFN scenario with bidirectional coverage for tunnel and open space
· SFN scenario with unidirectional coverage for tunnel and open space

Figure 1 illustrates SFN deployment for HST operation with Remote Radio Heads (RRH). In bidirectional coverage, RRHs transmits in both left and right directions resulting in UE to be in connection with at least one departing and at least one approaching RRH. In unidirectional coverage, RRHs transmit in one direction resulting in UE to be in connection with either departing or approaching RRH(s). 


Figure 1 Deployment of HST-SFN 





In bidirectional model, UE experiences positive and negative Doppler shifts from departing and approaching RRHs. As outlined in [4], with vehicular speed of = 350 km/h for carrier frequency of 2.8 GHz, Doppler shift is  = 872 Hz. Increasing the vehicular speed to 500 km/h results in Doppler shift of = 1250 Hz. However, in LTE, the closest two CRS symbols are 3 symbols apart which means a two-sided Doppler shift of more than = 1150 Hz is not possible to track. This was extensively discussed in R14 HST WI and requirements were derived based on max Doppler shift of 872 Hz. In unidirectional model, however, Doppler shift becomes one-sided and supporting higher vehicular speeds is at least theoretically feasible. 
Observation 2. With bidirectional coverage model, UE experiences two-sided Doppler shift of 1250 Hz at vehicular speed of 500 km/h with carrier frequency of 2.8 GHz which is not possible to track with LTE CRS subframe arrangement. 
Next, we present preliminary simulation results showing the limitation of bidirectional coverage model with higher than 350 km/h speed. 
PDSCH performance:
Figure 2 shows the performance of TM3 2Tx, as in Test 8.2.9.1 with genie PDCCH and increasing the speed. There is a significant degradation in peak throughput when speed is increased to 400 and 450 km/h. At 500 km/h, the peak throughput is less than 10% of peak throughput in 350 km/h.
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Figure 2 PDSCH performance (TM3 2Tx) as in Test 8.2.9.1

Observation 3. Significant degradation in throughput can be seen in TM3 2Tx with increasing the speed beyond 400 km/h. At 500 km/h, the peak throughput is degraded by more than 90%. 
Figure 3 shows the performance of TM3 4Tx with otherwise similar condition as in Test 8.2.9.1 as a function of speed. The motivation behind these plots is to show inferior performance of 4Tx transmission at higher speeds. Due to farther separation of CRS symbols corresponding to Tx ports 2 and 3, frequency tracking capability of UE is degraded and hence Doppler shifts corresponding to high speeds of even R14 HST is not possible. In fact, 4Tx performance in 250 km/h is worse than 2Tx performance in 350 km/h. 2Tx performance at 300 km/h is similar to 4Tx performance in 200 km/h. 
[image: cid:image001.png@01D4BD67.B7AE1F70]
Figure 3  PDSCH performance for TM3 4Tx with 2 layers

In R14 HST, the scope was limited to 2Tx scenarios. Since no change in physical layer is assumed for R16 HST, we see no reason to consider 4Tx transmission in R16 HST.
Observation 4. Significant degradation is seen with 4Tx transmissions even in R14 HST speeds. 
Figure 4 compares the performance of CRS-based transmission modes with that of DMRS-based transmission modes in fixed MCS scenario similar to Test 8.2.9.1. For TM3, MCS19, 64QCM with code rate of 0.465 is used. For TM9, MCS18, 64QAM with code rate of 0.459 is used. Both modes use 2 symbols for control region. At 350 km/h, DMRS-based mode achieves only 45% of peak throughput but CRS-based mode can achieve peak throughput.
DMRS-based in LTE transmission are fundamentally poorer in performance compared to CRS-based modes since DMRS symbols only occupy the last two symbols of a slot (in normal subframes). Hence, channel estimation error is significantly higher particularly in the beginning of the subframes (extrapolation region) resulting in early code block failures. In R14 HST, the scope was limited to CRS-based scenarios. Since no change in physical layer is assumed for R16 HST, we see no reason to consider DMRS-based transmission in R16 HST.
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Figure 4 PDSCH performance comparison of TM3 and TM9 for 2 layers 

Observation 5. Significant degradation is seen with DMRS-based transmission modes even in R14 HST speeds.
PDCCH performance:
Figure 5 shows PDCCH performance for the in-sync PDCCH profile of DCI 1C, CCE = 4, and TPR = - 3 dB. The right figure shows BER and the left figure shows BLER. At speeds up to and including 450 km/h, PDCCH performance is similar with no visible loss. However, at 500 km/h, PDCCH performance breaks due to aliasing at 1250 Hz two-sided Doppler shift. 
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Figure 5 PDCCH in-sync performance
 
Figure 6 shows PDCCH performance of the out-of-sync PDCCH profile of DCI 1A, CCE=8, and TPR = 1 dB. The right figure shows BER and the left figure shows BLER. At speeds up to and including 450 km/h, PDCCH performance is similar with no visible loss. However, at 500 km/h, PDCCH performance breaks due to aliasing at 1250 Hz two-sided Doppler shift. 
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Figure 6 PDCCH out-of-sync performance
Observation 6. PDCCH performance for in-sync and out-of-sync profiles holds for speeds up to and including 450 km/h but breaks at 500 km/h due to aliasing at 1250 Hz two-sided Doppler shift. 
Measurement Accuracy:
Figure 7 shows the impact of higher speed on measurement accuracy. As an example, two levels of RSRP are tested and CDF of measured RSRP in HST bidirectional channel with 300 and 500 km/h speeds are plotted. With speed of 500 km/h, larger estimation error is seen.
Observation 7. RSRP measurement accuracy is further degraded in HST channel with 500 km/h speed.
Given the above observations, we propose the following:
Proposal 2. For target speed of 500 km/h, RAN4 should not consider bidirectional coverage model as concluded in R14 HST WI and instead focus on unidirectional coverage model. 
Proposal 3. Due to much larger performance degradation, 4Tx to be excluded from R16 HST scope similar to R14 HST since no physical layer change is allowed.
Proposal 4. Due to much larger performance degradation, DMRS-based transmission modes to be excluded from R16 HST scope similar to R14 HST since no physical layer change is allowed.

	[image: ]

	[image: ]


Figure 7 RSRP measurement accuracy for -102 dB (left) and -92 (right)
Conclusions
Proposal 1. Extend the R14 HST demodulation requirements to CA scenarios.
Observation 1. Measurement requirements in terms of time-to-identify and time-to-measure for SCCs with common DRX are the same as those for single-carrier scenario.  
Proposal 2. RAN4 to consider adjusting the HST CA measurement requirements for shorter DRX cycles in the same manner as in Section 8.1.2.2 (single carrier). Power-saving tradeoff should also be considered.
Observation 2. With bidirectional coverage model, UE experiences two-sided Doppler shift of 1250 Hz at vehicular speed of 500 km/h with carrier frequency of 2.8 GHz which is not possible to track with LTE CRS subframe arrangement. 
With bidirectional HST channel model:
Observation 3. Significant degradation in throughput can be seen in TM3 2Tx with increasing the speed beyond 400 km/h. At 500 km/h, the peak throughput is degraded by more than 90%. 
Observation 4. Significant degradation is seen with 4Tx transmissions even in R14 HST speeds. 
Observation 5. Significant degradation is seen with DMRS-based transmission modes even in R14 HST speeds.
Observation 6. PDCCH performance for in-sync and out-of-sync profiles holds for speeds up to and including 450 km/h but breaks at 500 km/h due to aliasing at 1250 Hz two-sided Doppler shift. 
Observation 7. RSRP measurement accuracy is further degraded in HST channel with 500 km/h speed.
Given the above observations, we propose the following:
Proposal 2. For target speed of 500 km/h, RAN4 should not consider bidirectional coverage model as concluded in R14 HST WI and instead focus on unidirectional coverage model. 
Proposal 3. Due to much larger performance degradation, 4Tx to be excluded from R16 HST scope similar to R14 HST since no physical layer change is allowed.
Proposal 4. Due to much larger performance degradation, DMRS-based transmission modes to be excluded from R16 HST scope similar to R14 HST since no physical layer change is allowed.
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