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[bookmark: clause4][bookmark: _Toc2086441]1	Introduction
In RAN4#99, The WF on RRM requirements for FR2 Inter-band DL CA and UL CA, was approved [1]. In this contribution we analyze and offer our view on the different options.
2	Discussion
The WF options are listed in [1]:
	· Issue 1-1-1: MRTD value for FR2 inter-band CA (1/2)  
· Agreements (in GTW):
·  Candidate options
·  Option 1: MRTD shall not be larger than “CP length - UE Rx beam switch time - 2 x DL timing error” and the max SCS is 120kHz
·  Option 2: MRTD of 3us for inter-band CA in FR2 under CBM with a note to stating if the MRTD exceed [TBD us or CP or CP/2] a performance degradation is expected for the first N symbols of the slot
·  N is FFS
·  FFS if degradation applies to each slot
·  Example requirement:
	Frequency Range of the pair of carriers
	Maximum receive timing difference (µs) 

	FR1
	33

	FR2
	8 note1

	FR2
	3 note2

	Between FR1 and FR2
	25 

	Note1:      This requirement applies to the UE capable of independent beam management for FR2 inter-band CA.
Note2:      This requirement applies to the UE capable of common beam management for FR2 inter-band CA. If the receive time difference exceeds [the cyclic prefix length of that SCS], demodulation performance degradation is expected for the first N symbols of the slot.



· Option 3: Introduce UE capability to support                                                                                                                   MRTD = [260ns] and/or MRTD = [3us]   
· Issue 1-1-1: MRTD value for FR2 inter-band CA (2/2)  
· Agreements (in GTW):          
·  Further study the candidate options and investigate at least the following open issues
·  Impact of UE RX beam switching and AGC periodicity restrictions on the performance
·  Candidate RRM requirements and performance impacts for the case of MRTD larger than “CP length - UE Rx beam switch time - 2 x DL timing error” and below 3us    



Figure 1. WF options
2.1	Option 1, MRTD shall not be larger than “CP length - UE Rx beam switch time - 2 x DL timing error” 
This option is analyzed in [2]. The limiting case resulting in smallest MRTD is SCS = 120 kHz where we have, from [1]:
Table 1. MRTD of FR2 inter-band CA for CBM UE [1]
	SCS [kHz]
	for SSB
	for non-SSB
	Tcp, CP length (144 samples) [ns]
	Tbeam, Beam switch time [ns]
	Terror, DL timing error [ns]
	MRTD [ns]
(Tcp – Tbeam – 2Terror)

	60
	X
	O
	-
	-
	-
	-

	120
	O
	O
	585
	[200]
	16.2
	350

	240
	O
	X
	-
	-
	-
	-



The DL timing error is estimated as 2 samples in 100MHz BW in a reasonably good SNR regime when TRSs are configured on both inter-bands. Another way to estimate uncertainty is to use #PRB of PBCH. We then get: 0.5/(240*120 kHz) = 17 ns, so this estimate is reasonable. However the Beam switch time of [200 ns] is rather high, of we use 50 ns from summary in [3] we get: MRTD = 585 - 50 - 2*17 ns = 501 ns. This is still a rather low MRTD, which will make reuse of existing site equipment hard.
Observation 1: Even with a fast beam switch time of 50 ns and a resulting MRTD of 500 ns for SCS = 120 kHz, MRTD is to sort to enable simple and efficient reuse of site equipment (adapted to existing MRTD of 3 µs). 
2.2	Option 2, MRTD of 3us for inter-band CA in FR2 under CBM with a note regarding performance
The option of MRTD = 3 µs has been analyzed by us previously. In [4] we argue that almost always there will be available symbols available on one carrier, in case we do not have 100% load: 
1. A Band combination where the inter band CA combination bands are not so well separated that the channel models and propagation are significantly different.
2. A Band combination that allows CBM (and where it would make sense to restrict to CBM).
3. A UE indicating only capable of CBM for the specific inter band CA band combination.
4. The network is deployed as co-located (a pre-requisite for supporting CA for CBM restricted UEs, refer to Section 3 for further details).
5. A beam switch or change is still needed, despite network deployed as co-located.
6. There will be no available time occasion in DL (or UL as well for that matter) where the UE could safely perform a beam switch within CP. If both carriers are not full then there might still exist opportunities to switch. What is the likelihood of both carriers full, at all times? Even if both carriers are active, there are possibilities to use the DL to UL guard. 
7. If it is not possible to mitigate effects of the beam switch during actual transmission/reception, then consequences would be dependent on how frequent beam switch would occur.
8. If it is not possible to mitigate effects of beam switch during transmission/reception and if happens to frequent then consequences would be dependent beam switch time compared to symbol time 
Observation 2: There are many options before scheduling restrictions are needed, like available time in UL and DL (if carriers not full) and UL to DL switch, where UE could safely switch beams.
Again, as in (6) in the table above, if the load is 100%, we still have the possibility to defer UX RX lobe switch until TDD direction switch. This is also the observation in [5]: “Observation 2: UE can use UL->DL switching together with a scheduling restriction on the first symbol at the SCell after UL->DL switch to accommodate Rx beam switching for CBM UEs”. The same conclusion can be found in other contributions [5,6,7]. 
The WF allocates up to N symbols in each slot. In [4] we conclude that we have at least TSync + TUE_transient of time in the UE UL->DL and UE DL->UL gap, where TSync is the Cell Phase Sync requirement (3 µs) and TUE_transient is the UE DL->UL or UE UL-DL transient time (5 µs). Thus gives us a period of 3 + 5 = 8 µs to work with. Moreover, the UE DL to UL GP is even longer since we have to accommodate the cell size (in some way, the factor αNLOS >1):
TDL_UL ≥ TSync +TUE off on + αNLOS *2*Tprop_cell edge	

We can further add to the 8 µs or 8 + αNLOS *2*Tprop_cell edge (cell size margin) µs by adding one more symbol as a conditional scheduling restriction, either immediately before DL -> UL switch, or immediately after UL -> DL switch. We then get a further 8.33 µs (symbol time + CP at SCS = 120 kHz) to work with and we end up with 16.92 µs or even 16.92 µs + “cell size margin”.
We prefer to avoid the type of unspecified degradation that the proposed note represents “…with a note to stating if the MRTD exceed [TBD us or CP or CP/2] a performance degradation is expected for the first N symbols of the slot”. A scheduling restriction is mor predictable.
Observation 3:  If one symbol per slot is restricted for a site with inter band FR2 CA then the UE can safely switch RX beam with very high frequency.
Observation 4:  A scheduling restriction is preferred over a unspecified degradation in a note in the specification.
2.3	Option 3, Introduce UE capability
In [5], option 3 is developed in more detail:
	




Figure 2. Block diagram for the scheduling restrictions to be applied for different MRTD/TAE support
This option, will, at least in theory allow all symbols (schedule elements) to be scheduled without restriction if we have a suitable combination of TAE in the network and UE capability.
The idea of a scheduling restriction is very good and is reused in the analysis of option 2, in section 2.2 above, which essentially becomes the lower right box in the flowchart. However the statement “scheduling restrictions on first and last symbol of each slot in the cell”, can  be modified to “scheduling restrictions of one symbol either immediately before DL -> UL switch, or immediately after UL -> DL switch in the cell”
Observation 5:  the statement “scheduling restrictions on first and last symbol of each slot in the cell”, can  be modified to “scheduling restrictions of one symbol either immediately before DL -> UL switch, or immediately after UL -> DL switch in the cell”
[bookmark: _Hlk78813752]A drawback is that if a UE capability for MRTD = 3 µs is not mandatory, then there is a significant probability that most UE will not have the option to handle larger MRTD since a small MRTD most likely mean implementation advantages.
Observation 6:  If UE capability for MRTD = 3 µs is not mandatory, most UE will only support small MRTD.
For this reason we propose:
Proposal 1: A modified option 2, MRTD of 3us for inter-band CA in FR2 under CBM with a scheduling restriction of one symbol either immediately before DL -> UL switch, or immediately after UL -> DL switch in the cell. 
3	Summary
Observation 1: Even with a fast beam switch time of 50 ns and a resulting MRTD of 500 ns for SCS = 120 kHz, MRTD is to sort to enable simple and efficient reuse of site equipment (adapted to existing MRTD of 3 µs). 
Observation 2: There are many options before scheduling restrictions are needed, like available time in UL and DL (if carriers not full) and UL to DL switch, where UE could safely switch beams.
Observation 3:  If one symbol per slot is restricted for a site with inter band FR2 CA then the UE can safely switch RX beam with very high frequency.
Observation 4:  A scheduling restriction is preferred over a unspecified degradation in a note in the specification.

Observation 5:  the statement “scheduling restrictions on first and last symbol of each slot in the cell”, can  be modified to “scheduling restrictions of one symbol either immediately before DL -> UL switch, or immediately after UL -> DL switch in the cell”
Observation 6:  If UE capability for MRTD = 3 µs is not mandatory, most UE will only support small MRTD.
Proposal 1: A modified option 2, MRTD of 3us for inter-band CA in FR2 under CBM with a scheduling restriction of one symbol either immediately before DL -> UL switch, or immediately after UL -> DL switch in the cell.
References
[1] [bookmark: _Ref508638450][bookmark: _Ref3386619]R4-2108037, WF on RRM requirements for FR2 Inter-band DL CA and UL CA, Nokia, Nokia Shanghai Bell
[2] R4-2108969, FR2 Inter-band DL CA, Qualcomm Incorporated
[3] R4-2107972, WF on 60 GHz Time-related issues, Apple
[4] R4-2110419, Support up to 3 us MRTD, Ericsson
[5] R4-2110949, MRTD requirements for CBM UEs, Intel Corporation
[6] R4-2109888, Discussion on FR2 inter-band DL CA enhancements, NEC
[7] R4-2110301, Discussion on FR2 inter-band DL CA enhancement, Huawei

1

image1.emf
UE capability for 

MRTD = 3us

Network 

implementation 

for TAE 

Restrictions on SSB 

transmission: no 240kHz SCS 

or scheduling restrictions on 

symbols before and after 

SSB transmission on SCell

Scheduling restrictions 

based on the agreed 

baseline UE implementation 

FR2 CA without limitations

260ns < TAE ч�570ns

TAE ч�260ns

Supported

Scheduling restrictions on 

first and last symbol of each 

slot of SCell

570ns < TAE ч�3us

Not supported


Microsoft_Visio_Drawing.vsdx
UE capability for MRTD = 3us
Network implementation for TAE
Restrictions on SSB transmission: no 240kHz SCS or scheduling restrictions on symbols before and after SSB transmission on SCell
Scheduling restrictions based on the agreed baseline UE implementation
FR2 CA without limitations
260ns < TAE ≤ 570ns
TAE ≤ 260ns
Supported
Scheduling restrictions on first and last symbol of each slot of SCell
570ns < TAE ≤ 3us
Not supported



