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1  Introduction 
In RAN4#104-bis-e the WI [1] on simultaneous Rx-Tx was discussed the first time. The initial discussion considered CA_n39-n41 and CA_n40-n41. With the introducing of simultaneous Rx-Tx for those band combinations new values for MSD, ΔTIB,c and ΔRIB,c were discussed. This contribution provides MSD analysis and considerations on simultaneous Rx-Tx with respect to UL-MIMO capable UEs. 
2  Discussion
The WI [1] features a list of band combinations which are under investigation for non-synchronized scenario and specifying applicable requirements for simultaneous Rx-Tx operation. During the initial meeting in RAN4#104-bis-e the combinations CA_n39-n41 and CA_n40-n41 were discussed. The current baseline is that networks operate in synchronized operation between the two bands which allows deployment of low-loss filter with less out-of-band suppression as no desense of receiver is expected. Low-loss filter enable higher coverage for UEs and is therefore preferred pick for implementation. In the following we want to provide our considerations and proposals on those two band combinations.
2.1 On CA_n40-n41
The bands n40 and n41 are in close proximity with a minimum frequency separation of 96MHz. The maximum channel bandwidths are defined with BCS0 and are 80MHz for n40 and 100MHz for n41 as shown below (TS38.101-1 v17.7.0):
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Traditionally, the use of synchronized slot patterns enables simultaneous transmit and receive on both bands allowing to deploy low-loss filter with relaxed out-of-band emission suppression. With non-simultaneous Rx-Tx there are no emission concerns for this particular band combination. 
Introducing simultaneous Rx-Tx there exist emissions which can potentially fall into the Rx of the other band and the desense of the receiver needs to be investigated. If an 80MHz channel is placed at the upper edge of n40 while the channel in n41 is placed at the lower edge then a fifth order modulation products could fall into the receiver. On the other side when the largest channel of n41 (e.i. 100MHz) is configured at the lower edge of n41 while the channel in n40 is placed at the upper edge of the band then there exist fifth order modulations which could fall into the receiver. Third order modulations are close to n40 channel and represent a strong blocker for Rx. 
Our MSD analysis considers the use of low insertion loss filters. The reason is that good UL coverage is regarded as an important design goal for UEs. This means that the MSD could be increased compared to using a filter being optimized for high out-of-band suppression which in turn features higher insertion loss. 
Observation 1: Good UL coverage is regarded as an important design goal for UEs. This makes the deployment of low insertion loss filter important. As such filter are optimized for good in-band performance they naturally feature slightly lower out-of-band performance and MSD could be higher, but this is justified as better UL coverage is obtained.
The MSD results are captured in table 1. The table follows the proposed structure from discussion in RAN4#104-e.
Table 1: MSD results for simultaneous Rx-Tx with CA_n40A-n41A
	UL band
	DL band
	UL Fc
	UL BW
	SCS of UL band
	UL RB Allocation
	DL Fc
	DL BW
	MSD
	X band interference source

	
	
	(MHz)
	(MHz)
	(kHz)
	LCRB
	(MHz)
	(MHz)
	(dB)
	

	n40
	n41
	2360
	80
	30
	216 (RBstart=1)
	2505
	10
	32.0
	ACLR2

	n40
	n41
	2360
	80
	30
	216 (RBstart=0)
	2550
	100
	25.3
	ACLR2

	n41
	n40
	2536
	80
	30
	216 (RBstart=1)
	2395
	10
	23.8
	ACLR2

	n41
	n40
	2536
	80
	30
	216 (RBstart=0)
	2350
	100
	21.4
	ACLR2



Proposal 1: Use the MSD values provided in Table 1 for CA_n40A-n41A.
During the initial discussion the ΔTIB,c values for simultaneous Rx-Tx have been discussed and the proposals ranged from 0dB to 0.5dB. The parameter ΔTIB,c covers the degradation in Tx path such as insertion loss from band filter. When a UE is designed for non-simultaneous Rx-Tx it is possible to implement very low loss pass-band filter. Those filters have good in-band performance but less out-of-band suppression. When introducing simultaneous Rx-Tx then different filter with better out-of-band filtering need to be deployed which typically feature increased insertion loss. Due to this change in properties it would be expected that the ΔTIB,c would need to be increased and therefore be larger than 0.5dB. However, considering the initial discussion we would like to propose a compromise which uses the same values of 0.5dB for both cases as captured in Table 2. Similar consideration holds for ΔRIB,c as increased insertion loss affects Rx as well. The proposal is captured in Table 3.
Table 2: ΔTIB,c proposal for CA_n40A-n41A
	Inter-band CA combination
	ΔTIB,c for NR bands (dB)

	
	Component band in order of bands in configuration

	CA_n40-n41
	0.5
	0.5

	


Proposal 2: As proposed in table 2 use ΔTIB,c = 0.5dB for both bands for CA_n40A-n41A.

Table 3: ΔRIB,c proposal for CA_n40A-n41A
	Inter-band CA combination
	ΔTIB,c for NR bands (dB)

	
	Component band in order of bands in configuration

	CA_n40-n41
	0.3
	0.3

	


Proposal 3: As proposed in table 3 use ΔRIB,c = 0.3dB for both bands for CA_n40A-n41A.

2.2 On CA_n39-n41
Analysis was also done for CA_n39-n41. The frequency separation is larger compared to CA_40A-n41A and smaller MSD values are expected. The result can be found in Table 4.
Table 4: MSD results for simultaneous Rx-Tx with CA_39A-n41A
	UL band
	DL band
	UL Fc
	UL BW
	SCS of UL band
	UL RB Allocation
	DL Fc
	DL BW
	MSD
	Cross-band
Interference
source

	
	
	(MHz)
	(MHz)
	(kHz)
	LCRB
	(MHz)
	(MHz)
	(dB)
	

	n39
	n41
	1900
	40
	15
	216 (RBstart=0)
	2501
	10
	3.2
	>ACLR2

	n39
	n41
	1900
	40
	15
	216 (RBstart=0)
	2546
	100
	2.0
	>ACLR2

	n41
	n39
	2546
	100
	30
	270 (RBstart=3)
	1917.5
	5
	1.5
	>ACLR2

	n41
	n39
	2546
	100
	30
	270 (RBstart=3)
	1900
	40
	1.5
	>ACLR2



Proposal 4: Use the MSD values provided in Table 4 for CA_39A-n41A.
For ΔTIB,c and ΔRIB,c similar considerations could be made as for CA_n40-n41. Due to the larger frequency separation between bands n39 and n41 the filter is not quite as challenging. With simultaneous Rx-Tx the filter insertion loss of future devices is expected be similar to current implementations. Therefore, to our understanding it would be a good approach to keep the values of ΔTIB,c  = 0.5dB and ΔRIB,c = 0.2dB for both bands in case of simultaneous Rx-Tx and non-simultaneous Rx-TX.
Proposal 5: For CA_n39-n41 with simultaneous Rx-Tx the filter insertion loss of future devices is expected to be similar to current implementations. Therefore, to our understanding it would be a good approach to keep the values of ΔTIB,c  = 0.5dB and ΔRIB,c = 0.2dB for both bands in case of simultaneous Rx-Tx and non-simultaneous Rx-TX.

2.3 Simultaneous Rx-Tx and UL-MIMO
A discussion was initiated by [2] on the implications with simultaneous Rx-Tx and UL-MIMO, TxD and SRS antenna switching. Due to close proximity of n40 and n41 and due to synchronized slot patterns, those bands are typically grouped together to reduce implementation complexity and number of required antennas. The current discussion expects that UEs indicating simultaneous Rx-Tx could support and indicate UL-MIMO for both bands (n40 and n41). In case n40 transmits and n41 receives, two antennas are required for band n40 Tx while four antennas are needed for n41 to comply to the 4Rx requirement. Due to close frequency separation of the bands the filter isolation is marginal and with use of SRS antenna switching it is challenging to share antennas. Therefore, at least 6 separate antennas would be required. Integrating 6 antennas for this frequency range might not be an issue for FWA/CPE type devices but it is a challenging task for handhelds due to the small form factor.
Excluding MIMO in case of simultaneous Rx-Tx support has been opposed during last meeting as those are optional capabilities. In the following we would like to propose a different solution for the antenna issue. In case a handheld supports simultaneous Rx-Tx and indicates support for MIMO the handheld shall not be expected to support 4x4 MIMO. We propose to create an exception for handheld devices so that for band n41 the 4Rx requirement is not mandatory and the UE only needs to support 2Rx. This means that 4x4 MIMO is not required but 2x2MIMO is supported when CA_n40A-n41A is indicated with simultaneous Rx-Tx and MIMO support. This exception drops unreasonable design complexity and allows UEs to implement simultaneous Rx-Tx and MIMO for CA_n40A-n41A. A similar exception might be considered for n7 with CA_n7A-n40A. For FWA/CPE type devices the support of 4x4 MIMO could still be set to mandatory as those might be able to handle the implementation due to larger form factor.
Observation 2: Due to close frequency distance of n40 and n41 those bands are typically grouped together to reduce implementation complexity and number of required antennas. For simultaneous Rx-Tx and MIMO operation two antennas are required for band n40 Tx while four antennas are needed for n41 to comply to the 4Rx requirement. Due to close frequency separation of the bands the filter isolation is marginal and with use of SRS antenna switching it is challenging to share antennas. Therefore, it is estimated that at least 6 separate antennas would be required. Integrating 6 antennas for this frequency range might not be an issue for FWA/CPE type devices but it is a challenging task for handhelds due to the small form factor.
Proposal 6: In case simultaneous Rx-Tx and MIMO are indicated: We propose to create an exception for handheld devices so that for band n41 the 4Rx requirement is not mandatory and the UE only needs to support 2Rx. This means that 4x4 MIMO is not required but 2x2MIMO is supported when CA_n40A-n41A is configured with simultaneous Rx-Tx and MIMO support. This exception drops unreasonable design complexity and allows UEs to implement simultaneous Rx-Tx and MIMO for CA_n40A-n41A. A similar exception might be considered for n7 with CA_n7A-n40A. For FWA/CPE type devices the support of 4x4 MIMO could still be set to mandatory as those might be able to handle the implementation due to larger form factor.

3  Conclusions
This contribution provides MSD analysis and considerations on simultaneous Rx-Tx with respect to UL-MIMO capable UEs. The following observations and proposal are made:
Observation 1: Good UL coverage is regarded as an important design goal for UEs. This makes the deployment of low insertion loss filter important. As such filter are optimized for good in-band performance they naturally feature slightly lower out-of-band performance and MSD could be higher, but this is justified as better UL coverage is obtained.
Proposal 1: Use the MSD values provided in Table 1 for CA_n40A-n41A.
Proposal 2: As proposed in table 2 use ΔTIB,c = 0.5dB for both bands for CA_n40A-n41A.
Proposal 3: As proposed in table 3 use ΔRIB,c = 0.3dB for both bands for CA_n40A-n41A.
Proposal 4: Use the MSD values provided in Table 4 for CA_39A-n41A.
Proposal 5: For CA_n39-n41 with simultaneous Rx-Tx the filter insertion loss of future devices is expected to be similar to current implementations. Therefore, to our understanding it would be a good approach to keep the values of ΔTIB,c  = 0.5dB and ΔRIB,c = 0.2dB for both bands in case of simultaneous Rx-Tx and non-simultaneous Rx-TX.
Observation 2: Due to close frequency distance of n40 and n41 those bands are typically grouped together to reduce implementation complexity and number of required antennas. For simultaneous Rx-Tx and MIMO operation two antennas are required for band n40 Tx while four antennas are needed for n41 to comply to the 4Rx requirement. Due to close frequency separation of the bands the filter isolation is marginal and with use of SRS antenna switching it is challenging to share antennas. Therefore, it is estimated that at least 6 separate antennas would be required. Integrating 6 antennas for this frequency range might not be an issue for FWA/CPE type devices but it is a challenging task for handhelds due to the small form factor.
Proposal 6: In case simultaneous Rx-Tx and MIMO are indicated: We propose to create an exception for handheld devices so that for band n41 the 4Rx requirement is not mandatory and the UE only needs to support 2Rx. This means that 4x4 MIMO is not required but 2x2MIMO is supported when CA_n40A-n41A is configured with simultaneous Rx-Tx and MIMO support. This exception drops unreasonable design complexity and allows UEs to implement simultaneous Rx-Tx and MIMO for CA_n40A-n41A. A similar exception might be considered for n7 with CA_n7A-n40A. For FWA/CPE type devices the support of 4x4 MIMO could still be set to mandatory as those might be able to handle the implementation due to larger form factor.
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