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1. Introduction
In the past RAN4 meetings, whether to change the TRS configuration for the FR2 PDSCH demodulation requirements was discussed, the following agreements were made at the last RAN4 meeting [1].
	· Option 1: No change: Use 2 slots TRS configuration for Rel-15 Normal and SDR requirements (Intel, QC)
· Option 2: Replace FR2 Test 1-1 with TRS configuration: 20ms with 1 slot and OFDM symbol 6, 10 (NTT DoCoMo)
· Option 2a: 2 additional DMRS 
· Option 2b: 1 additional DMRS
· Bring evaluation results for option 2 and decide among above two options in next meeting


In this contribution, we provide our views on this issue.
2. Discussion
2.1 Motivation to change
The motivation to change the TRS configuration was described in [2]. The current assumption is “20ms with 2 contiguous slots and OFDM symbol 6, 10”, so only one TRS configuration can be configured in a one TDD cycle of {DDDSU}. This means that at maximum 32 TRS configurations with different beam can be configured in TRS periodicity of 20ms when assuming different analogue beam is applied for each TRS, i.e. only 32 analogue beams can be deployed at maximum. One example of TRS configuration is shown below.
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Figure 1. One example of TRS configuration for FR2 {DDDSU} with 120kHz SCS
Even though only one TRS slot is assumed in the REFSENS requirement, the same number (32 beams) is supported since the periodicity of TRS in REFSENS is only 10ms, which is half of the periodicity in PDSCH demodulation requirement. On the other hand, 64 TCI states are mandatory for FR2 as indicated in UE feature 2-4 of [3], i.e., UE should be able to handle 64 beams “at minimum”. Therefore, only 32 beams due to the current TRS configuration would not be aligned with this agreement. It is completely operating issue how many numbers of beams is configured in real network, but at least RAN4 requirements should cover the mandated number of analogue beams in order not to limit deployment flexibility. In order to address this issue, “20ms with 1 slot and OFDM symbol 6, 10” is one of reasonable solution. It is possible to configure two TRS with different analogue beams in a TDD cycle, so 64 analogue beams can be configured in the TRS periodicity. Other solutions are just to change the TRS periodicity from 20ms to 40ms to double the number of beams, or change TRS symbols from {6, 10} to {3, 7} or {4, 8} for enabling TRS configuration in special slot. Note that TRS cannot be configured in special slot if the symbol is {6, 10}.
Observation 1: The current TRS configurations in both UE demodulation and REFSENS in RF2 cover 32 analogue beams at maximum.
· UE demodulation: 20ms with 2 slots 
· REFSENS: 10ms with 1 slot 
Observation 2: In order to cover the maximum mandatory TCI states in FR2, i.e. 64 beams, the following three approaches can be considered:
1. 20ms with 1 slot 
2. 40ms with 2 slots 
3. 20ms with 2 slots with modification of TRS symbols from {6, 10} to {3, 7} or {4, 8} to enable two TRS configurations in one TDD cycle {DDDSU}
Proposal: Replace the TRS configuration of the one FR2 PDSCH demodulation test (e.g. Test 1-1 for Rank 1) to either of the followings:
· Alt.1: 20ms with 1 slot
· Alt.2: 40ms with 2 slots 
· Alt.3: 20ms with 2 slots with modification of TRS symbols to {3, 7} or {4, 8}

2.2. High Doppler scenario in FR2
At the last meeting, some companies had a concern to reduce the number of TRS slots, i.e. Alt.1 in above proposal, for ensuring time tracking performance in FR2. Actually, the tracking performance might be degraded by reducing the TRS slots since the number of the TRS symbols for tracking is reduced in time domain. In our view, however, this degradation is not so serious in actual FR2 deployment. This is because the cell radius in FR2 is quite limited compared with that in FR1, hence if a UE is moving at very high speed in such a small FR2 cell, it is not likely that the FR2 carrier is configured to the UE since the UE stays in the cell for very limited time. Specifically, in TDD system, the maximum cell radius is restricted by the gap symbols between DL and UL, e.g. 2 OFDM symbols in {DDDSU} configuration for 120kHz SCS, mainly to avoid cross link interference as shown below.
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Figure 2: Allowed propagation delay in TDD system to avoid cross link interference
Where Tpropagation is propagation delay, and Tpropagation should be designed such that the sum of 2* Tpropagation and other factors (Delay spread, UE Rx/Tx transition time, etc) is not larger than the gap symbols for enough BS Rx/Tx transition time and to avoid cross link interference. Hence, the allowed maximum of Tpropagation determines the maximum cell radius, and it is about 500~600 meters in FR2 in our analysis. Furthermore, actual cell radius may be further restricted by another factors, e.g. LOS/NLOS, actual path loss, etc. As a result, actual cell radius would be a few hundred meters. For above reason, in the current UE/BS demodulation requirement in FR2, only up to 400Hz is assumed as maximum Doppler frequency, which means that UE speed to be tested is up to 14 km/h when assuming 30GHz bands with 120kHz SCS. Note that the normalized Doppler frequency for this scenario is equivalent to that for 26 km/h when assuming 2GHz bands with 15 kHz SCS. Under such scenario, the number of TRS symbols would not have serious impact on UE performance.
Observation 3: Actual cell radius in FR2 is quite limited, maximally 500~600 meters.

Observation 4: Reducing TRS slots would not have a serious impact on system performance in FR2. This is because it is not likely that the FR2 carrier is configured to UE which is moving at very high speed since the UE stays in the cell for very limited time.
· Up to 400Hz Doppler frequency is assumed in the current demodulation requirements. This means that UE speed to be tested is 14 km/h when assuming 30GHz bands with 120kHz SCS as an example (same normalized Doppler as 26 km/h at 2GHz bands with 15 kHz SCS)
3. Conclusion
In this contribution, we provide our views on the TRS configuration on FR2 UE demodulation requirements. Our observations and proposal are summarized below.
Observation 1: The current TRS configurations in both UE demodulation and REFSENS in RF2 cover 32 analogue beams at maximum.
· UE demodulation: 20ms with 2 slots 
· REFSENS: 10ms with 1 slot 
Observation 2: In order to cover the maximum mandatory TCI states in FR2, i.e. 64 beams, the following three approaches can be considered:
· 20ms with 1 slot 
· 40ms with 2 slots 
· 20ms with 2 slots with modification of TRS symbols from {6, 10} to {3, 7} or {4, 8} to enable two TRS configurations in one TDD cycle {DDDSU}
Observation 3: Actual cell radius in FR2 is quite limited, maximally 500~600 meters.
Observation 4: Reducing TRS slots would not have a serious impact on system performance in FR2. This is because it is not likely that the FR2 carrier is configured to a UE which is moving at very high speed since the UE stays in the cell for very limited time.
· Up to 400Hz Doppler frequency is assumed in the current demodulation requirements. This means that UE speed to be tested is 14 km/h when assuming 30GHz bands with 120kHz SCS as an example (same normalized Doppler as 26 km/h at 2GHz bands with 15 kHz SCS)
Proposal: Replace the TRS configuration of the one FR2 PDSCH demodulation test (e.g. Test 1-1 for Rank 1) to either of the followings:
· Alt.1: 20ms with 1 slot
· Alt.2: 40ms with 2 slots 
· [bookmark: _GoBack]Alt.3: 20ms with 2 slots with modification of TRS symbols to {3, 7} or {4, 8}
References
[1]. R4-1902403, Way forward on NR UE PDSCH demodulation requirements and General aspects, RAN4 #90
[2]. R4-1901017, Remaining issues on PDSCH requirements, RAN4 #90
[3]. RP‑190116, LS on RAN1 NR UE features update, RAN#83
image1.emf
0.625ms (TDD cycle #0)

TRS#0 with analog beam #0

DL DL DL SP

UL

DL DL DL SP

UL

0.625ms (TDD cycle #31)

PDSCH

DL DMRS

…

20ms (TRS periodicity)

TRS#31 with analog beam #31

UL signals


image2.emf
DL UL DL

DL

GP

UL

DL

UE (Cell edge)

DL

BS

DL

t

UL

UE RX/Txtransition time(

ܶ

ୖଡ଼ଶ୘ଡ଼

)

ܶ

்஺ǡ௢௙௙௦௘௧

DL

Delay spread (

߬

)

TAadjustment accuracy (

ܶ

௔௖௖௨௥௔௖௬ǡ்஺

)

ܶ

௣௥௢௣௔௚௔௧௜௢௡

ܶ

்஺ǡ௢௙௙௦௘௧

ܶ

௣௥௢௣௔௚௔௧௜௢௡

UE transmission timing error(

ܶ

ୣ

)


