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Introduction
In RAN4 105 meeting, it was agreed to jointly study MRTD and TAE for deciding the power imbalance in case of non-collocated intra-band NC CA [1]. Two controversial topics were left for discussions in the WF as shown below:
	< Issue 3-1-5: Whether there is a room to tighten the network synchronization requirement below 3us?>
Majority view is that there is no room to tighten the sync requirement of network and Type 3a/3b UE can operate only within 3us.
Way Forward: 
· Continue further discussions on the network synchronization requirement in the next meeting.
< Issue 3-2-1: RF requirements on Type 3a/3b UE>
Some companies support Option 1(Power Imbalance 25dB), and then other companies support Option 2(4RX REFSENS relaxation by [1 + [FFS]] dB for 25dB DL carrier imbalance) and Option 3(MRTD 3us and Power Imbalance 15dB).
Way Forward: 
· Continue further discussions on RF requirements on Type 3a/3b UE in the next meeting.



In the following sections we will present our view on synchronization requirement and also on maximum power imbalance to be considered.
Discussion
The TAE is a transmitter quality factor which shows the timing error between the frames that are sent from different RF chains of the transmitter. In the current specification, which includes collocated scenarios, maximum TAE is set to 3us, meaning, in the case of MIMO with 2 transmitter chains, the maximum TAE between the frames of each RF chain is 3us. Another important factor is the maximum receive timing difference (MRTD) is basically TAE and propagation delay difference.  
During Rel16 there were discussions about changing the TAE in the context of multi-TRxP transmission. Although only collocated scenarios were studied up to REL18 but multi Tx/Rx points are located separately, which makes the scenario similar to non-collocated case. Finally it was evaluated that TAE of 3us is sufficient multi-DCI based and single-DCI based multi-TRxP transmission [2]. 
Maximum TAE is bound by the accuracy of the external clock sources such as GPS, hence it cannot be reduced drastically. On the other hand this WI is focused bands 42, n77/n78, and any maximum TAE change has a direct impact on all bands and band combinations.
In the current specification (Table 7.6.4-1 of 38.133) it is mentioned that if the TAE exceeds the CP duration some performance degradation is expected on first symbol of the slot.
Below different MRTD values are calculated for different power imbalances: 
Power Imbalance= PLcc1 - PLcc2                  (1)
Based on the urban macro channel model with line of sight(LOS) [3], the path loss is governed by :

      (2)
In coexistence studies 35m and 25m are considered as the minimum 2D distance to the gNb and its antenna height, respectively. We can assume the UE be located close to the first gNb (PSCell) at a distance of . For the sake of practicality CC carrier frequencies can be taken from the frequency allocations of Softbank [4], as = 3420 MHz,  = 3980 MHz. By replacing (2) in (1), one may obtain MRTD values highlighted in yellow in Table 1.
Table 1 MRTD for different power imbalances
[image: ]
Two points can be observed in Table 1. First, in collocated scenario, MRTD is already larger than the CP duration on SCS 30 KHz , which leads to corruption 1.98% of the first OFDM symbol of the slot. Second, with a 25 dB power imbalance in a 15 KHz SCS, the amount of OFDM symbol corruption is 0.63 % (below 1%) which is lower than corruptions due to the collocated scenario (SCS of 30 KHz). 
Moreover, in [5] we had shown that a 25dB power imbalance in a NLOS scenario leads to a 203m cell. In the last row of Table 1, it can be observed that the MRTD is completely consumed by the CP and there is no excess, hence a 25 dB does NOT mean a CP excess always.
Proposal 1: TAE shall NOT be reduced from 3us due to major network impact, as well as impacting other bands which are out of scope of this WI.
Observation 1: 25dB power imbalance does not always mean a performance degradation due to having MRTD larger than CP duration. In an NLOS scenario, no degradation happens.
Evaluation of Degradation due to MRTD >CP
When the MRTD is larger than the CP duration, as it was mentioned before, some degradation on the first OFDM symbol is expected. Hence we evaluated such impact on the DL physical channels PDSCH and PDCCH. Since in Type 3a/3b architecture the AGC is common for the two CCs, as shown in Figure 1, when the MRTD is longer than the CP duration, a change in the AGC gain happens within the useful part of the OFDM symbol. With the arrival of the CC2 the received power will be increased, and the AGC will change its state which means gain reduction, here as an example we took 12dB gain reduction. The simulations were performed for different number of the MRTD values, in a non-collocated scenario, that are listed in Table 1. Simulation results are captured in Table 3 and Table 5 for PDCCH and PDSCH, respectively. One can see that in a 15 KHz SCS, there is no sensible performance degradation which is in accordance to our expectation since the amount of the corrupted part of the OFDM symbol is less than 1%. For 30 KHz SCS, where the corruption could reach to 8.31% (for 25 DB power imbalance), the performance loss for PUCCH and PDCCH is 2.7 dB and 2.9 dB, respectively. These loss can be easily compensated by the diversity antenna which gives us a 3dB advantage. 
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Figure 1 AGC gain change due to MRTD > CP duration

PDCCH
· Simulation assumption:

Table 2 PDCCH Performance degradation simulation assumptions
	DCI bit number(Including CRC)
	64

	Aggregation level
	8

	REG bundling size
	2

	Number of symbol
	1

	Mapping type
	Interleaved

	Power Imbalance
	25dB

	AGC gain difference in one OFDM symbol of victim CC
	12dB

	Number of RBs of CORESRT
	102RB

	Interleaver size
	3

	Precoder granularity
	Equal to REG bundling size

	Antenna configuration
	2T2R Low

	Propagation conditions
	TDLA30-10



[image: ][image: ]

Table 3 PDCCH performance loss due to different MRTD values
	MRTD (us)
	3.17
	3.33
	3.65
	4.19
	5.11

	Performance degradation for 15kHz SCS(dB)
	0
	0
	0
	0
	0

	Performance degradation for 30kHz SCS(dB)
	0.4
	0.6
	0.8
	2.1
	2.7



PDSCH
· Simulation assumption:
Table 4 PDSCH Performance degradation simulation assumptions
	MCS
	13

	Bandwidth
	5MHz

	MIMO layer
	1

	Antenna configuration
	2T2R Low

	Propagation conditions
	TDLA30-10

	Power Imbalance
	25dB

	AGC gain difference in one OFDM symbol of victim CC
	12dB

	Mapping type
	B

	S (Start symbol),L (Symbol length)
	S=0, L=4

	DMRS location
	Symbol 0 in each slot (Which is distorted)

	SCS
	15kHz, 30kHz
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Table 5 PDSCH performance loss due to different MRTD values
	MRTD (us)
	3.17
	3.33
	3.65
	4.19
	5.11

	Performance degradation for 15kHz SCS(dB)
	0
	0
	0
	0
	0

	Performance degradation for 15kHz SCS(dB)
	0.3
	0.7
	1.0
	1.6
	2.9




Proposal 2:  Our simulations showed a 25dB power imbalance can be supported with NO performance loss on 15KHz SCS and a performance loss of 2.7 dB and 2.9 dB for PUCCH and PDCCH, respectively, in 30 KHz SCS. These loss can be easily compensated by the diversity antenna which gives us a 3dB.

Conclusion
Proposal 1: TAE shall NOT be reduced from 3us due to major network impact, as well as impacting other bands which are out of scope of this WI.
Observation 1: 25dB power imbalance does not always mean a performance degradation due to having MRTD larger than CP duration. In an NLOS scenario, no degradation happens.
Proposal 2:  Our simulations showed that 25dB power imbalance can be supported with NO performance loss on 15KHz SCS and a performance loss of 2.7 dB and 2.9 dB for PUCCH and PDCCH, respectively, in 30 KHz SCS. These loss can be easily compensated by the diversity antenna which gives us a 3dB.
References
[1]	“R4-2220537, WF on the requirement for intra-band non-collocated CA/EN-DC, KDDI.” 
[2]	“R4-2012146, WF on Completing Rel-16 eMIMO RRM Core Requirement, Samsung.” 
[3]	“TR 38.901 38901 Study on channel model for frequencies from 0.5 to 100 GHz.” 
[4]	“R4-2117666, Discussion on the power imbalance requirements for Type-2 UEs, SoftBank Corp.” 
[5]	“R4-2213133, Discussion on DL transmission EN-DC /NR CA non-collocated scenario supporting 2x2 MIMO, Huawei, HiSilicon.” 



3GPP
image2.png
SCs
15
30
60

Cspeed of light
299792458

power imbalance (dB)
5
10
15
20
25
colocated: 6
NLOS [6]

OFDM Symbol Duration (us)
66.67
33.33
16.67

d3gecr (M)
43

TAE (us)

wwwwwww

CP duration
4.69
2.34
117

feel (MHz)
3420

d3deca (M)
95.00
140.57
237.22
400.34
675.62
0
203

fce2 (MHz)
3980

propagation

delay (us)
0.17
033
0.65
1.19
211
0.00
0.53

MRTD (us)

Corrputed part of the
1st OFDM symbol (%) 15 KHz

Corrputed part of the
1st OFDM symbol (%) 30 KHz




image3.png
AGC2-AGC1=12dB





image4.png
BLER

100

1071

1072

1072

PDCCH performance, 15kHz SCS, TDLA30-10

MRTD=0us
MRTD=3.17us
MRTD=3.33us
MRTD=3.65us
MRTD=4.19us
MRTD=5.11us

RREEE

-10

-6 -4 -2
SNR/dB




image5.png
BLER

100

1071

1072

PDCCH performance, 30kHz 5C5, TDLA30-10

—e— MRTD=0us
— .17us
— .33us
— .65us
—e— MRTD=4.19us
—e— MRTD=5.11us

-10 -6 -4 0

SNR/dB





image6.png
BLER

100

1071

1072

1072

PDSCH performance, 15kHz SCS, TDLA30-10

MRTD=0us
MRTD=3.17us
MRTD=3.33us

2 4 6 8 10 12
SNR/dB




image7.png
BLER

100

1071

1072

1072

PDSCH performance, 30kHz SCS, TDLA30-10

—e— MRTD=0us
—e— MRTD=3.17us
—e— MRTD=3.33us
—e— MRTD=3.65us
—e— MRTD=4.19us
—e— MRTD=5.11us
0 2 4 6 8 10 12 14

SNR/dB





image1.wmf
)

(

log

20

)

(

log

22

0

.

28

10

3D

10

cc

cc

CC

f

d

PL

+

+

=


oleObject1.bin

