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Introduction

In the last RAN4#90 meeting, there were some further discussions on the BS intra-band NCCA TAE requirement especially from FR2 UE MRTD perspective, however no much consensus were reached at the end of meeting as changing the core requirement after spec release might cause NBC problems which should be avoided as much as possible.In this contribution, we want to share some further considerations on this issue.
Discussion  
2.1. intra-band NCCA TAE 

As we know that the intra-band NCCA TAE performance is quite dependent on the timing network design which is different from TAE performance of single CC with TX diversity or MIMO. Currently there are quite lots of timing network scheme available for the implementation design, however considering the expensive cost for cable connected timing schemes in dense urban region, therefore the satellite timing is preferred and has been widely used in the past few years. The timing module in RRU is shown in Figure 1 where both GPS timing signal and local oscillator are mentioned. As local oscillator will work as backup reference clock once GPS timing signal is lost, in general the performance of this local oscillator is worse than GPS timing signal. 
E1/T1/STM-1assocaited timing

BITS timing: Building Integrated Timing Supply, ITU-G.823 
Satellite timing: GPS/GLONASS/Beidou/Galileo timing 
Ethernet timing: G.8261, G.8262 and G8.8264 
IEEE 1588 timing 
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Figure 1. illustration of NR AAU w/o the same timing module
For the case A, for intra-band NCCA scenario, individual CCs should share the same baseband processor unit and share the same AAU, therefore the timing alignment error between CCs should be limited. This kind of timing alignment error among CCs could result by cluster phase delay of filter or duplexer and so on. However the implementation assumption for case A is really dependent on the operator deployment planning. For example, the operators got the licensed non-contiguous carriers and plan to deploy NR network in one shot, otherwise operators plan to deploy NR service in once carrier at the beginning and deploy NR service in another non-contiguous carrier later on, then it’s unlikely that different CCs still share the baseband processor unit and AAU. 

Observation 1: for intra-band NCCA in the case A, TAE performance 260ns for FR1 and 130ns for FR2 could be achieved.  
Observation 2: there are possibility that intra-band NCCA supported by different BBU and AAU due to the operator’s NR network deployment plan. 
For the case B, for intra-band NCCA scenario, if individual CCs could be transmitted by different AAU with individual Timing module. For this case, if GPS signal is maintained without any environmental blockage, then TAE performance 260ns between different AAU could be still achieved. However if GPS signal is lost, as mentioned before local oscillator performance is much worse than GPS signal, in general timing error between local oscillator and ideal GPS signal could be around 1.5us. In the other words, for the worst scenario where GPS signals in both AAU are lost due to some unpredictable reasons, then TAE performance between different CCs in the intra-band NCCA case should be around 3us. This is also the same story for D-MIMO scenario (Distributed MIMO requested by some operators). 
Observation 3 : for the case B, if GPS signal for both NR AAU is maintained, TAE performance 260ns between individual CCs in NCCA scenarios could still be achieved. 
Observation 4: for the case B, if GPS signal for both NR AAU is lost, TAE performance 3us between individual CCs in NCCA scenario could be achieved. 

2.2. MRTD perspective 
In the last RAN4 meeting, some tentative options listed as following are supported by different vendors. For the option 1, to specify MRTD requirement based on the larger SCS among CC-es for FR1 and FR2 seems to be not clear enough. As shown in the Table 1 and Table 2, SCS defined for FR2 include 60KHz, 120KHz and 240KHz, however SCS 240KHz is only supported for SSB transmission in SSB pattern Case E. In the initial access procedure, UE should be camp on the Pcell during which UE only needs the RX beam sweeping behavior for anchor carrier or anchor carrier SSB. After the RRC connection established, UE might need RX beam sweeping for data channels, however as shown in the Table 2, the highest SCS supported in the existing specification is 120KHz. In other words, the highest SCS taken into account for intra-band NCCA scenario should be 120KHz instead of 240KHz. 
Proposal 1: the highest SCS taken into account for FR2 intra-band NCCA scenario should be 120KHz. 
Agreement:

MRTD requirement for non-contiguous CA, the following three options will be discussed in the next meeting
Option 1: half CP of the larger SCS among the CC-es for FR1 and for FR2 (Intel, Qualcomm, NTT DOCOMO, Mediatek)
Option 2: keep the existing requirements, i.e., 3us (Huawei, ZTE, CATT)
Option 3: 260ns for both FR1 and FR2 (Nokia)
Table 1. OFDM symbol length and CP length for different SCS [3]
	SCS (KHz)
	15
	30
	60
	120
	240

	Symbol duration (us)
	66.66
	33.33
	16.67
	8.33
	4.16

	CP length (us)
	4.96
	2.34
	1.17
	0.59
	0.295


Table 5.4.3.3-1: Applicable SS raster entries per operating band [TS38.101-2]
	NR Operating Band
	SS Block SCS
	SS Block pattern1
	Range of GSCN
(First – <Step size> – Last)

	n257 
	120 kHz
	Case D
	22388 - <1> -  22558

	
	240 kHz
	Case E
	22390 - <2> - 22556

	n258
	120 kHz
	Case D
	22257 - <1> - 22443

	
	240 kHz
	Case E
	22258 - <2> - 22442

	n260 
	120 kHz
	Case D
	22995 - <1> - 23166

	
	240 kHz
	Case E
	22996 - <2> - 23164

	n261
	120 kHz
	Case D
	22446 - <1> - 22492

	
	240 kHz
	Case E
	22446 - <2> - 22490

	NOTE 1:
SS Block pattern is defined in subclause 4.1 in TS 38.213 [10].


Table 5.3.5-2: BS channel bandwidths and SCS per operating band in FR2 [TS 38.104]
	NR band / SCS / BS channel bandwidth

	NR Band
	SCS

kHz
	50 MHz
	100 MHz
	200

MHz
	400 MHz

	n257
	60
	Yes
	Yes
	Yes
	

	
	120
	Yes
	Yes
	Yes
	Yes

	n258
	60
	Yes
	Yes
	Yes
	

	
	120
	Yes
	Yes
	Yes
	Yes

	n260
	60
	Yes
	Yes
	Yes
	

	
	120
	Yes
	Yes
	Yes
	Yes

	n261
	60
	Yes
	Yes
	Yes
	

	
	120
	Yes
	Yes
	Yes
	Yes


In addition, if only considering the SCS 120KHz scenario in the RRC connected mode, RX beam switching period should include at least two steps: 

Beam switching procedure where UE adjust the RX analog phase shifter which might cost around 50~100ns which is dependent on the analog phase shifter implementation. 
RF AGC procedure where UE could adjust LNA / VGA via measured RSSI at the beginning of symbols or slots. The AGC settling time could vary much dependent on the RX signal waveform. If RX signal has very good PAPR performance, then sampling time to estimate the mean power could be 1.5us if RX signal with 100 PRB is used for AGC measurement. The time for calculating the VGA gain and configure the gain for LNA/VGA amplifier should be around 2us. The time for LNA/VGA settling time should be around 2us which is mainly determined by the RC settling time in the amplifier. Therefore the total AGC settling time should be around 5.5us if UE receiver use the current OFDM symbol samples for AGC retuning. If UE receiver use the previous signals like SSB or CSI-RS or TRS for AGC retuning value calculation, then AGC settling time should only include the LNA/VGA settling time 2us. 
Based on the above factors taken into account, assuming the beam switching period is equally placed across the symbols boundary. As shown in the Figure 2, beam switching time plus AGC settling time should be at least 2.25us-2.5us. As mentioned in the previous section, the OFDM symbol plus CP should be 8.92us, therefore the first symbol after the RX beam switching would be wasted or interrupted due to the practical phase shifter period and RF AGC to protect the receiver saturation. The remaining time for the first OFDM symbol should be 6.42us-6.67us which is more than the existing intra-band NCCA TAE requirement 3us. 

Observation 5: if UE beam switching and AGC is enabled, the first OFDM symbol after RX beam switching would be wasted or interrupted, the remaining time after beam switching and AGC behavior in the first OFDM symbol is more than the existing intra-band NCCA TAE requirement 3us. 
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Figure 2. the illustration of RX beam switching procedure
Of course, AGC is not always necessarily enabled after the RX beam switching if received power in FR2 is limited which will not make the LNA or ADC saturated..In other words, the RF receiver could still work normally with any performance degradation. As shown in Figure 3, the AGC is still assumed but with quite limited time, therefore beam switching time plus AGC timing is still within the CP, then the first OFDM symbol could be still used, however this scenario is questionable for any vendors. In addition, as the power difference after beam switching might be unpredictable which means AGC should be enabled in some scenario to protect the UE receiver. 
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Figure 3. the illustration of RX beam switching procedure 

Based on the above the considerations, from the design the robust network perspective, the first OFDM symbol after beam switching should be left for analog phase shifter and AGC adjustment to protect the UE receiver. From the network perspective, even though for the case, GPS signals for both AAU are lost, the intra-band NCCA TAE requirement 3us could be still maintained which could leave the enough time for engineering service team to repair the AAU trouble without interruption of the whole network, therefore this approach is more desirable from the robustness of network performance. 

Proposal 2: keep the existing intra-band NCCA TAE requirement. 
Conclusions
In this contribution, we share some further considerations on intra-band NCCA TAE requirement and MRTD perspective and observations and proposals are made as following:

Observation 1: for intra-band NCCA in the case A, TAE performance 260ns for FR1 and 130ns for FR2 could be achieved.  
Observation 2: there are possibility that intra-band NCCA supported by different BBU and AAU due to the operator’s NR network deployment plan. 
Observation 3 : for the case B, if GPS signal for both NR AAU is maintained, TAE performance 260ns between individual CCs in NCCA scenarios could still be achieved. 
Observation 4: for the case B, if GPS signal for both NR AAU is lost, TAE performance 3us between individual CCs in NCCA scenario could be achieved. 

Proposal 1: the highest SCS taken into account for FR2 intra-band NCCA scenario should be 120KHz. 
Observation 5: if UE beam switching and AGC is enabled, the first OFDM symbol after RX beam switching would be wasted or interrupted, the remaining time after beam switching and AGC behavior in the first OFDM symbol is more than to the existing intra-band NCCA TAE requirement 3us. 
Proposal 2: keep the existing intra-band NCCA TAE requirement. 
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