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1 Background
The MRTD applicable for minimum requirements for inter-band DL CA with CBM capability has been discussed at length for both RF and RRM characteristics, but the reason for specifying an MRTD requirement significantly tighter than the MRTD = 3 us implied for inter-band CA with collocation is unclear.
Candidate options for MRTD discussed by RRM DL inter-band  
· Option 1: Do not define any requirements for CBM UEs for FR2 inter-band CA

· Option 2: Introduce UE capability to support MRTD = 260ns and MRTD = 3us 

· Option 3: MRTD = 260ns 

· Option 4: MRTD = 3us 

· Other options are not precluded (Note 2: Companies are encouraged to bring further analysis on achievable MRTD from the network and UE perspectives and the possible impact on the implementation and performance)
Is MRTD = 260 ns needed for CBM and beam switching or is it needed for something else? 
Mandating an MRTD ≤ 260 ns and a general BS TAE = 260 ns requirement for all collocated inter-band DL CA scenarios would incur significant complexity and cost for network deployment. The BS TAE = 3 us requirement for inter-band CA was specified already in Rel-15.
In this contribution we reiterate earlier arguments on beam switching and propose that the BS TAE requirement remains unchanged. 
2 Beam swiching
Beam switching can be carried out in the DL-UL guard period (GP) with no foreseen impact on performance with a 3us MRTD requirement, at least for the RF requirements. The periodicity of the GP is frequenct enough for switching, an angular mobility (rotation) not sustainable for the user of a handheld would be supported.
Beam switch during the DL-UL gap:
Regarding the impact on CBM/IBM on the MRTD, the following questions were raised in an earlier WF [1]:
· Regarding MRTD, beam switch can also be carried out when there is no DL data scheduled on one of the CCs and in the U-D switch [should be D_U]. How often is BM carried out in relation to expected changes in the channel conditions? 

· What is the impact on the DL throughput due to PDCCH interruptions in case of non-co-location and an MRTD up to 3 us?

· What is the time needed for beam switch (typically)?

Scheduling restrictions have been discussed as the ultimate consequence of assuming a MRTD = 3 us specification for the collocated scenario as per Option 4. However, there are many inter-related conditions that must be met before scheduling restrictions are needed with another carrier received up to 3 us later: 

1. an inter-band combination for which the bands are not widely separated in frequency, the same ‘band group’, with channel models and propagation not significantly different 
2. a UE only capable of CBM for the specific CA band combination 
3. the bands are collocated 
4. a beam switch or change is still needed even if the bands are collocated 
5. no available time occasion in neither DL nor UL where the UE could safely perform a beam switch within the duration of a CP 
6. if not possible to mitigate effects of beam switching during actual transmission/reception, then consequences would dependend on how frequent beam switch would occur (first question)
7. if not possible to mitigate effects of beam switching during transmission/reception and if this happens too frequently, then consequences would dependend on the beam-switch time compared to the symbol time  
We make the following

Observation 1: for the collocated scenario, there are options for the UE to safely switch beams before scheduling restrictions would be needed, e.g. available time in UL and DL if carriers are not always fully scheduled and during the DL-UL switch. 
Even if both DL carriers are active, the DL-UL guard could be used for beam management. Figure 1 shows the situation at the DL to UL switching point with two UEs connected to different cells. The guard period in the DL-UL switch for a UE would be long enough for must include sufficient time for 
· time synchronization error (TSync) between UEs connected to different base stations, in this case UE A is TSync early in relation to UE B. UE A waits at least TSync before ramping its transmitter.  
 
· transition time for turning on the transmitter (TUE offè on), the time relates to a specified TX OFF level  
· propagation time between base station and UEs at cell edge (Tprop_cell_edge).  
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Figure 1: UE-to-UE interference at DL-UL switch 
 

Next, we consider the worst cases to derive the minimum GP available to a UE for carrying out beam management. To simplify and get a direct relation towards cell edge, we define this as LOS propagation and multiply with a NLOS path compensation factor αNLOS (αNLOS >1). 
A small distance and thereby a small propagation time between the UEs (Tprop_UE2UE ~0) is a disadvantage both from a timing view (the interference from UE A would arrive “earlier” at UE B) and from an interference view (short distance also means higher level of interference). Moreover, early UL transmissions of aggressor UE A (large TA) and late DL reception of UE B is a disadvantage timing-wise i.e. the worst case is when UEs are at cell edge and close to each other. The GP must be at least  
TDL_UL ≥ TSync +TUE offè on + αNLOS *2*Tprop_cell edge (UE2UE-DL2UL)
where αNLOS is a cell edge NLOS path compensation factor (αNLOS >1). Hence the UL transmission after a DL reception can not start until after 3 µs after its last DL reception in a worst-case at the cell edge with maximum RF propagation time and TA; more time would available if the US is closer. This is needed to prevent UE2UE TDD inter cell interference. Then, there is an additional allowed TX transient time. In our case of collocated TDD for carrier aggregation we would have TSync = TAE = 3 µs and the transient TUEoff->on = 5 µs, for FR2. The guard period component TDL_UL must consider the cell size for proper dimensioning, i.e. Tprop_cell_edge ≠ 0. However, this means that we have at least TSync + TUEoff->on = 3 + 5 µs = 8 µs of TDL-UL guard period; a beam switch change would not impact reception of another DL carrier received 3 µs later. 
Observation 2: a beam switch can be performed safely within the DL-UL guard (if properly dimensioned) for an MRTD = 3 us for the collocated inter-band CA scenario.

Regarding the time needed for beam management, we note that the time between TDD DL-UL GP at is around 625us for FR2. Delaying a beam switch to the next DL2UL opportunity would not significantly impact directivity, the GP corresponds to at 0.45° angular shift for an RPM of 120. Hence, FR2 TDD periodicity would be sufficient with regard to the maximum rotation speed and any change of the AoA.
Beam switch in the beginning of a DL slot

Beam switch could also be done in the beginning of a DL slot, with no or limited impact of any actual receive time difference if not all serving cells are scheduled. Notwithstanding, if a PDCCH monitoring occasion is missed on the SCell e.g. if cross carrier scheduling is not used, what is the impact on the actual DL performance above the PHY with due account of e.g. retransmissions? 
Observation 3: the impact of PDCCH interruptions claimed in the case of an MRTD up to 3 us for UEs not performing beam switching in the DL-UL guard is still not quantified. 
Even if the MTRD minimum requirement is 3 us, the actual BS TAE the receive time difference performance may be better in collocated deployments with reduced impact for for UE implementations not utilizing the GP for beam switching. Nevertheless we propose that 
Proposal 1: Given the fact that beam switching can always be carried out in the GP, mandating an MRTD of 260 ns for the purpose of CBM for inter-band is not justifiable in view of the cost and complexity incurred for network deployment.
For the collocated case we propose that MTRD = BS TAE and that
Proposal 2: MTRD = 3 us for intra-band DL requirement for CBM capable UEs for collocated scenarios.
3 Proposal
We make the following observations and proposals
Observation 1: for the collocated scenario, there are options for the UE to safely switch beams before scheduling restrictions would be needed, e.g. available time in UL and DL if carriers are not always fully scheduled and during the DL-UL switch. 
Observation 2: a beam switch can be performed safely within the DL-UL guard (if properly dimensioned) for an MRTD = 3 us for the collocated inter-band CA scenario.

Observation 3: the impact of PDCCH interruptions claimed in the case of an MRTD up to 3 us for UEs not performing beam switching in the DL-UL guard is still not quantified. 

Proposal 1: Given the fact that beam switching can always be carried out in the GP, mandating an MRTD of 260 ns for the purpose of CBM for inter-band is not justifiable in view of the cost and complexity incurred for network deployment.
For the collocated case we propose that MTRD = BS TAE and that
Proposal 2: MTRD = 3 us for intra-band DL requirement for CBM capable UEs for collocated scenarios.
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