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1 Introduction
In this contribution, we analyse the BWP switching occurs within aggregation slots, which hasn’t been discussed in the 3GPP meetings yet. The analysis is divided into two parts, i.e., time-domain and frequency-domain. In time-domain, we focus on the impact on slot-aggregation caused by BWP transition time. In frequency-domain, we emphasize the frequency resource mapping between original BWP and new BWP when BWP switching occurs within aggregation slots.
2 Slot aggregation with BWP switching
2.1 Time-domain
For UL/DL slot-aggregation, the same symbol allocation scheme is used across a number of slots in UL/DL, where the number of slots used for aggregation is indicated by RRC aggregation factor. As shown below, in the existing 38.214 [1], the restriction ‘consecutive slots’ is added in the description of aggregation slots for both UL and DL.

	5.1.2.1
Resource allocation in time domain

<Omitted>

When the UE is configured with aggregationFactorDL > 1, the UE may expect that the TB is repeated within each symbol allocation among each of the aggregationFactorDL consecutive slots and the PDSCH is limited to a single transmission layer.

<Omitted>

6.1.2.1
Resource allocation in time domain

<Omitted>

When the UE is configured with aggregationFactorUL > 1, the same symbol allocation is applied across the aggregationFactorUL consecutive slots and the PUSCH is limited to a single transmission layer. The UE shall repeat the TB across the aggregationFactorUL consecutive slots applying the same symbol allocation in each slot.

<Omitted>


However, the aforementioned “consecutive slots” may not always suit the slot-aggregation transmission due to the inconsistent frame configuration. Take UL slot aggregation for an example, as shown in Figure 2.1-1, the frame structure is DDXU (2ms, 30 KHz) with aggregationFactorUL = 4. In this case, not all the four consecutive slots can be used for UL transmission. The DL slot should not be counted as a valid UL aggregation slot although it is consecutive. 
In this case, there are only two slots used for the UL aggregation, which may result in transmission failure. In case of transmission failure, UE would start HARQ process and retransmit its TB. However, the retransmission may still fail because the number of actual transmission slots is less than the aggregation factor configured by RRC, i.e., aggregationFactorDL/ aggregationFactorUL. 

Restricted by the “consecutive slots”, UE uses less slots for slot-aggregation transmission than the aggregation factor configured by RRC, this may cause performance decline and even transmission failure. For other frame structure, the same issue may also happen in the DL/UL slot-aggregation case when the number of consecutive DL/UL slots is less than the aggregation factor configured by RRC.
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Figure 2.1-1 Slot-aggregation based on N consecutive slots

Observation 1: Due to the inconsistent frame configuration, UE may be impossible to find enough consecutive slots for slot-aggregation. Using fewer slots for slot-aggregation than the aggregation factor configured by RRC, UE may cause performance decline and even transmission failure.
To prevent performance decline or transmission failure, UE should guarantee the repeated transmission times in slot-aggregation configured by RRC, i.e., aggregationFactorDL/ aggregationFactorUL. UE skips the invalid slots until it finds enough valid slots for slot aggregation.
For UL slot-aggregation, only the “U” and “X” slot can be chosen as the valid transmission slot; for DL slot-aggregation, only the “D” and “X” slot can be chosen as the valid transmission slot. For the reason that the same symbol allocation is used across aggregation slots, the chosen slot must have enough DL/UL time-domain resource to support the time resource allocation scheme in the first aggregation slot. More specifically, the SLIV value of the first aggregation slot corresponding to the combination of start symbol and length should be guaranteed for the following chosen aggregation slots.
As the example mentioned above, there is no UL time domain resource in the two DL slots (“D” slots), i.e., the two DL slots cannot be chosen as UL aggregation slots. If the two “X” slots have enough time-domain resource for slot-aggregation, i.e., the SLIV for slot-aggregation can be supported in these “X” slots, they should be counted as valid slots for slot-aggregation.


[image: image2.emf]X U D D X U

Slot aggregation


Figure 2.1-2 Slot-aggregation based on N consecutive DL/UL slots

Proposal 1: UE should guarantee the number of actual transmission slots in slot-aggregation equals to the aggregation factor configured by RRC, i.e., aggregationFactorDL/ aggregationFactorUL.
Proposal 2: For UL slot-aggregation, only the “U” and “X” slot can be chosen as the valid transmission slot; for DL slot-aggregation, only the “D” and “X” slot can be chosen as the valid transmission slot. Besides, the chosen slot for slot-aggregation should support the same SLIV value of the first aggregation slot.

The transition time of BWP switching should also be considered for slot-aggregation. In RAN1#92, we have reached the following agreements [2], 

	Agreements:
· A UE is not expected to receive DL signals or transmit UL signals during the transition time of active DL or UL BWP switch

· For DCI-based active BWP switch, from RAN1 perspective, the transition time of active DL or UL BWP switch is the time duration from the end of last OFDM symbol of the PDCCH carrying the active BWP switch DCI till the beginning of a slot indicated by K0 in the active DL BWP switch DCI or K2 in the active UL BWP switch DCI


A UE is not expected to receive DL signals or transmit UL signals during transition time of active DL or UL BWP switching. Thus, as shown in Figure 2.1-3, “X” or “U” slots within the transition time of ULBWP switching should not be counted as valid slots for slot-aggregation. Similarly, “X” or “D” slots within the transition time of DL BWP switching should not be counted as valid slots for slot-aggregation.
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Figure 2.1-3 Slot-aggregation within BWP transition time

Proposal 3: The slots within the transition time of BWP switching should not be counted as valid slots for slot-aggregation.

2.2 Frequency-domain

Considering the BWP switching within aggregation slots, another criterion should be supported. As shown in the Figure 2.2-1, if UE receives a BWP switching DCI in a DL slot, then some aggregation slots may be handled in the new BWP. The bandwidth of the new UL BWP could be different from the original BWP. When the bandwidth of the new BWP is smaller than the original BWP, the UL slots in the new BWP cannot be used for the slot aggregation if there is not enough frequency resource to support the transmission. That’s to say, the slots without enough frequency resource to support the traffic transmitted in the first aggregation slot should not be counted as a valid slot.
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Figure 2.2-1 Slot-aggregation with BWP switching

Proposal 4: Only slots with enough frequency resource to support the TB transmitted in the first aggregation slot can be counted as valid slots for slot-aggregation. 
As mentioned above, when the BWP switching occurs during the aggregation slots, some aggregation slots may be handled in the new BWP. Since each slot among aggregation slots transmits the same TB and each slot is configured with the same symbol allocation scheme, the number of allocated RBs in each slot should be the same. Even though the BWP changes, the number of allocated RBs should not change.

For supporting the smooth BWP transition in slot-aggregation, RBs mapping between original BWP and new BWP for slot-aggregation should be further discussed. The discussion can be divided into two aspects according to whether the allocated frequency resources in the two BWPs are overlapped or not.
· If the frequency-domain allocated resources of two BWPs are totally overlapped, the PRBs allocated in current BWP are directly mapped to the new BWP as shown in Figure 2.2-2(a)  

· If the frequency-domain allocated resources of two BWPs are not totally overlapped, the PRBs allocated in current BWP are mapped to the corresponding place of the new BWP with a respective reference location, i.e., the lowest PRB of respective BWP. Take Figure 2.2-2(b) for an example, the third PRB in original BWP is mapped to the third PRB in the new BWP.

[image: image5.emf]RB3

RB4

RB n

RB0

RB1

RB2

RB 

n-1

RB3

RB4

RB n

RB0

RB1

RB2

RB 

n-1

RB 

n+2

RB 

n+1

RB 

n+3

RB 

m

.

.

.

.

.

.

.

.

.

...

...

                     
[image: image6.emf]RB3

RB4

RB n

RB0

RB1

RB2

RB 

n-1

RB3

RB4

RB n

RB0

RB1

RB2

RB 

n-1

RB 

n+2

RB 

n+1

RB 

n+3

RB 

m

.

.

.

.

.

.

.

.

.


(a)                                             (b)

Figure 2.2-2 RB mapping between original BWP and new BWP for slot-aggregation

Proposal 5: The RB mapping between original BWP and new BWP should be considered for BWP switching in slot-aggregation.

3 Conclusion

According to the analysis above, we have the following observations and proposals:

Observation 1: Due to the inconsistent frame configuration, UE may be impossible to find enough consecutive slots for slot-aggregation. Using fewer slots for slot-aggregation than the aggregation factor configured by RRC, UE may cause performance decline and even transmission failure.
Proposal 1: UE should guarantee the number of actual transmission slots in slot-aggregation equals to the aggregation factor configured by RRC, i.e., aggregationFactorDL/ aggregationFactorUL.

Proposal 2: For UL slot-aggregation, only the “U” and “X” slot can be chosen as the valid transmission slot; for DL slot-aggregation, only the “D” and “X” slot can be chosen as the valid transmission slot. Besides, the chosen slot for slot-aggregation should support the same SLIV value of the first aggregation slot.

Proposal 3: The slots within the transition time of BWP switching should not be counted as valid slots for slot-aggregation.

Proposal 4: Only slots with enough frequency resource to support the TB transmitted in the first aggregation slot can be counted as valid slots for slot-aggregation. 
Proposal 5: The RB mapping between original BWP and new BWP should be considered for BWP switching in slot-aggregation.
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