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1. Introduction
In the previous RAN4 meetings, lots of transmitter and receiver requirement has been initially discussed, however TAE requirement has not been discussed in detail yet until last RAN4 meeting. Therefore in this contribution, we want to have a further analysis and discussion on this requirement.
2. Discussion  
For the TAE requirement defined in the TS 36.104 and TS 36.141, this requirement applies to frame timing in TX diversity, MIMO transmission, carrier aggregation and their combinations. For the NR system, for NR-PBCH and NR-PDCCH channel as listed in the following, the current working assumption is to support single antenna port transmission scheme which mainly refers to the precoder cycling, In addition, digital beamforming of MIMO transmission should be key technology feature without doubt, therefore TAE requirement is still essential for NR BS RF requirement. For NR system, it’s necessary to test which physical channel put the most stringent requirement on this TAE requirement from RF planning perspective. 
	R1-1705840
NR-PBCH design
Nokia, Alcatel-Lucent Shanghai Bell

Working assumption:

· For NR-PBCH transmission, NR supports a single antenna port based transmission scheme only. 

· FFS: Same or different antenna port(s) are defined for NR-PSS, NR-SSS and NR-PBCH within an SS block

· Companies are encouraged to further evaluate NR-PBCH performance

	R1-1706407
WF on Transmit Diversity Scheme for NR-PDCCH
MediaTek, Samsung, ZTE, vivo, NTT DOCOMO

Working assumption:
· One-port transmit diversity scheme with REG bundling per CCE is used for NR-PDCCH

· FFS the bundling size

· FFS: REG bundling is also for localized mapping in time and/or frequency-domain
· Companies are encouraged to provide evaluation results for 10 MHz and 20 MHz for larger aggregation levels and 5 MHz and 10 MHz for smaller aggregation levels


Before to specify this TAE requirement for NR BS, it’s beneficial to see how the phase shift error could be calibrated for TD-LTE BS. For the legacy TD-LTE system, every other a certain period, the GP (guard period) will be utilized to send some training sequence to calibrate the phase error among different transceiver chains, for NR BS, similar approach could be reused to calibrate the phase error, therefore similar phase alignment performance could be achieved as TDD-E-UTRA BS. 
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Figure2. the illustration of GP to calibrate the phase error among 
Observation1: similar phase alignment performance among the transceiver chains of NR BS in the range1 could be achieved as TDD-E-UTRA BS.
In the following section, we want to discuss this requirement from the performance and testing perspective. For the NR BS, it was generally categorized into two types as listed in the following in which subcarrier spacing parameters are also attached. 
Range 1: 15KHz, 30KHz and 60KHz; 
  Conductive requirement and OTA requirement;

Range 2: 60KHz, 120KHz, 240KHz,[480KHz]
  OTA requirement. 
For Range1, it was clarified that there would be two different testing methods: conducted and OTA based. From the performance perspective, if considering the maximum subcarrier spacing 60KHz with corresponding OFDM duration 16.7us which is the most sensitive case for time alignment error, it can been found that TAE 65ns only occupies 0.3% of OFDM duration which means performance degradation caused by TAE is still negligible. From the test perspective, the OTA test illustrated in Figure3 will introduce the channel propagation delay among different transmission paths compared with conducted test. In the Figure 3, Only the LOS sight is depicted in the OTA testing setup because the multi-path delay will be absorbed by the absorbing material in the OTA chamber. If assuming distance difference among different transmission paths as 2 meters considering the practical size of 5G AAU, then time difference due to channel propagation is 6.7ns which should be maximum time delay. According to testing results of TAE requirement of E-UTRA BS, the achieved time alignment error is much less then 65ns which means there is still enough margin left to incorporate time delay over the air. 
Proposal 2: for range 1, to reuse the legacy TAE requirement 65ns for both NR BS conducted requirement and OTA requirement. 
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Figure3. Testing setup for TAE requirement [OTA testing]
For range 2, it was clarified there would be only one testing method: OTA. Similar as considerations for range1-O, from the performance perspective, if considering the maximum subcarrier spacing 240KHz [480KHz] with corresponding OFDM duration 4.17us which is the most sensitive scenario for time alignment error, although legacy TAE requirement 65ns only occupies 1.56% of OFDM duration which means performance degradation caused by TAE is still negligible, however it’s better to check the performance degradation when physical layer design and subcarrier spacing is indentified in the WI phase. 
Proposal 3: for range 2, to check the performance degradation [TBD]dB@95%Throughput due to TAE when physical layer design and subcarrier spacing is finalized in the WI phase. 
In addition, as the EIRP accuracy[2.2dB] for AAS which has been reused for NR BS in the range1, it implicitly require the phase shift error among transceivers is less than 10o which is similar as TAE requirement. 

Observation2 : phase shift error of EIRP accuracy will have similar function as TAE requirement.  
3. Conclusions
In this proposal, we shared some initial considerations on the TAE requirement of NR BS and the proposals are made as following:
Observation1: similar phase alignment performance among the transceiver chains of NR BS in the range1 could be achieved as TDD-E-UTRA BS.
Proposal 1: for range 1, to reuse the legacy TAE requirement 65ns for NR BS conducted requirement and OTA requirement. 

Proposal 2: for range 2, to check the performance degradation [TBD]dB@95%Throughput due to TAE when physical layer design and subcarrier spacing is finalized in the WI phase.
Observation 2: phase shift error of EIRP accuracy will have similar function as TAE requirement.
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