[bookmark: _Ref452454252][bookmark: _GoBack]3GPP TSG-RAN WG2 Meeting #105bis			     R2-1903740
Xi'an, China, 8th - 12th April 2019                   (Resubmission of R2-1901760)


Agenda Item	: 11.2.1.2	 (NR_unlic-Core)
Source	: LG Electronics Inc.
Title	: MAC impacts of multiple CCAs in wide band operation
Document for	: Discussion and Decision
1.	Introduction
According to the TR38.889, the descriptions regarding the wideband operation have been addressed as follows:
For wideband operation for both DL and UL,
-	Bandwidth larger than 20 MHz can be supported with multiple serving cells.
-	NR-U should support that a serving cell can be configured with bandwidth larger than 20 MHz. 
For DL operation, the following options for BWP-based operation within a carrier with bandwidth larger than 20 MHz can be considered.
-	Option 1a: Multiple BWPs configured, multiple BWPs activated, transmission of PDSCH on one or more BWPs
-	Option 1b: Multiple BWPs configured, multiple BWPs activated, transmission of PDSCH on single BWP
-	Option 2: Multiple BWPs can be configured, single BWP activated, gNB transmits PDSCH on a single BWP if CCA is successful at gNB for the whole BWP
-	Option 3: Multiple BWPs can be configured, single BWP activated, gNB transmits PDSCH on parts or whole of single BWP where CCA is successful at gNB
For UL operation, the following options for BWP-based operation within a carrier with bandwidth larger than 20 MHz can be considered.
-	Option 1a: Multiple BWPs configured, multiple BWPs activated, transmission of PUSCH on one or more BWPs
-	Option 1b: Multiple BWPs configured, multiple BWPs activated, transmission of PUSCH on single BWP
-	Option 2: Multiple BWPs can be configured, single BWP activated, UE transmits PUSCH on a single BWP if CCA is successful at UE for the whole BWP
-	Option 3: Multiple BWPs can be configured, single BWP activated, UE transmits PUSCH on parts or whole of single BWP where CCA is successful at UE
It is noted that CCA is declared to be successful or not in multiples of 20 MHz.
Detailed design and potential selection from the above options can be further discussed when specifications are developed considering protocol and RF aspects. 

In addition, at RAN1 #AH 1901 meeting, the following agreement was made:
Agreement:
Operation with multiple active BWPs for a carrier on unlicensed bands is not supported for DL or UL at least in Rel-16 NR-U WI.
· Inform RAN2 of this decision

In this contribution, we’d like to address MAC impacts of multiple CCAs in wideband larger than 20MHz, and suggest to consider the ways to minimize the MAC impact.
[bookmark: _Toc476230925]2.	Discussion
According to the TR 38.889, NR-U should support that a serving cell can be configured with bandwidth larger than 20MHz. However, a UE in unlicensed band should perform Clear Channel Assessment (CCA) right before transmitting a data to determine whether the channel is idle or not. While a BWP can be configured with a bandwidth larger than 20MHz, the CCA is performed in 20MHz units for coexistence with Wi-Fi terminals. For this reason, during the NR-U study phase, 4 options as shown in the figure 1 were considered for BWP-based operation. At RAN1 #AH 1901 meeting, however, it was agreed that operation with multiple active BWPs for a carrier on unlicensed bands, i.e., option 1a and 1b, is not supported for DL or UL at least in Rel-16 NR-U WI. So, this paper also focuses on the option 2 and 3 based on the RAN1 decision.
Observation 1. RAN1 has decided that operation with multiple active BWPs for a carrier on unlicensed bands is not supported for DL or UL at least in Rel-16 NR-U WI.



Figure 1. Examples of options considered for BWP operation in NR-U study phase
As illustrated in figure 1-(3), a UE in option 2 would receive a UL grant for the whole BWP and the UE transmits data by using the allocated entire UL resource only if the CCA is successful for the whole BWP. If a UE fails CCA for at least one of sub-bands, the UE cannot transmit data on the active BWP. If the channel occupancy rate of a specific sub-band(s) is high, the UE may mostly lose the chance of the data transmission, but this is very simple scheme to apply to the current specification and it may be particularly suitable for data transmission requiring wide bandwidth. In this option, the MAC of a UE just generates a MAC PDU based on the UL resource for the whole BWP when receiving the UL grant, and deliver the generated MAC PDU to lower layer, irrespective of CCA results. In other words, MAC layer doesn’t matter whether the CCA in PHY layer will be successful or failed when the delivered data is actually transmitted. If a CCA failure occurs in at least one of sub-bands, the PHY layer of the UE does not transmit the MAC PDU and eventually will receive a UL grant for retransmission of the MAC PDU. Then, the UE can perform retransmission of the MAC PDU.
However, option 2 may be beneficial only when the channel of all sub-bands is mostly idle. If the network can guarantee the CCA success of the UE, it is natural to allocate the UL resource for the whole BWP. But, since it is difficult for the network to predict the CCA result at the time a UE transmits the data, it happens that the entire resources cannot be used due to the CCA failure for a specific sub-band.
Observation 2. Option 2 in TR38.889 is a very simple to apply to the current specification, but it will be beneficial only when the channel of all sub-bands is mostly idle. 
On the other hand, a UE in option 3 may receive one UL grant for the whole BWP or multiple UL grants for each sub-band. The UE transmits data only using the UL resource(s) which CCA is successful at UE. But, there is an issue that MAC cannot generate the MAC PDU suitable for the CCA result because a UE should complete the MAC PDU generation before data transmission and the channel sensing is performed right before data transmission. So, this option would require more detailed decision for transmitting data in PHY. The figure 2 shows the examples of the various methods that PHY layer transmits a MAC PDU delivered from MAC layer. 


(a) An example for physical resource puncturing of sub-band unit


(b) An example for rate matching of possible resources


(c)	An example for sub-band/CBG based ACK/NACK


(d)	An example for MAC PDU generation based on UL grant per sub-band


(e)	An example for only one MAC PDU generation based on a sub-band
Figure 2. Examples for MAC PDU/TB generation in option 3

The MAC/PHY operations and pros/cons for each method are as follows:
· Method 1. Puncturing of physical resources for sub-band(s) on which CCA fails. (Figure 2-(a))
· MAC generates a MAC PDU for the whole BWP based on the received UL grant. 
· PHY performs the puncturing of the physical resources for sub-band(s) on which CCA fails when the data is transmitted, and transmits data only on the sub-bands which CCA is successful at UE.
· If the channel for a specific sub-band is busy, the data transmission may almost fail. MAC spec change is not needed, but it would be useful only for the idle channel. PHY spec change may be needed for the puncturing of sub-band unit.
· Method 2. Rate matching of physical resources for sub-band(s) which CCA is successful. (Figure 2-(b))
· UE previously generates multiple MAC PDUs of various versions for possible resources.
· PHY transmits the MAC PDU suitable for the sub-bands which CCA is successful.
· Complexity in MAC layer is very high and it may require the new design of UL grant. MAC/PHY spec changes are needed.
· Method 3. Sub-band/CBG based ACK/NACK (Figure 2-(c))
· MAC generates a MAC PDU for the whole BWP based on the received UL grant. 
· PHY generates Code Block(s)/Code Block Group (CBG) for each sub-band, and does not transmit a CBG for sub-band on which CCA fails. The UE expects the CBG-based retransmission.
· If the channel for a specific sub-band is busy, the CBG for the sub-band will be retransmitted. MAC spec change is not needed, but MAC layer should wait until all CBGs are successfully received at the PHY layer. 
· Method 4. UL grant per sub-band (Figure 2-(d))
· MAC generates multiple MAC PDUs for each sub-band based on the received multiple UL grants.
· PHY transmits the MAC PDU(s) only for UL grant(s) which CCA is successful.
· It requires that a UE performs multiple HARQ processes at a given time. Current NR does not support the multiple HARQ processes of a UE at one time. MAC/PHY spec changes are needed.
· Method 5. Selecting only one of sub-bands which CCA is successful. (Figure 2-(e))
· MAC generates a MAC PDU for a sub-band with 20MHz based on the received UL grant. 
· PHY transmits the MAC PDU on the selected one of sub-bands which CCA is successful.
· The UE cannot use the whole wide bandwidth, but have more opportunities for CCA. MAC/PHY spec changes are not needed.
Considering the current specification, the simplest way in option 3 is that a UE always generates only one MAC PDU for 20MHz regardless of the whole bandwidth size of BWP, and transmits the MAC PDU only on the resource of the selected one of the sub-bands in which the CCA is successful at UE. However, since it means that the UE gives up the several resources which CCA is successful, we may additionally consider that the UE repeatedly transmits one MAC PDU on all the sub-bands which CCA is successful. But, we don’t prefer the repeated transmission because it would increase the channel occupancy rate in the system aspect. Even if the UE transmits data only on one of sub-bands which CCA is successful, it provides UEs with more opportunities for CCA in frequency domain. We believe that the option 3 will be preferably designed for the case where some channels of BWP are busy. So, we think that the method 5 is sufficient especially if the main purpose of BWP in the unlicensed band is to provide more CCA opportunities.
Observation 3. Option 3 in TR38.889 may require MAC/PHY spec changes depending on the method for transmitting data in PHY. The simplest way for option 3 is that a UE always generates only one MAC PDU for 20MHz, regardless of the whole bandwidth size of BWP.
Proposal. RAN2 only consider the following cases with single active BWP for a carrier in Rel-16 NR-U WI:
- UE transmits data only if the CCA is successful at UE for the whole BWP (Option 2 in TR38.889)
- UE transmits data on the only one of sub-bands which the CCA is successful at UE (Method 5 of this paper)
3.	Conclusion
In this contribution, we address that RAN2 needs to study the impacts of BWP operations on unlicensed spectrum, and our observations and our proposals are as follows.
Observation 1. RAN1 has decided that operation with multiple active BWPs for a carrier on unlicensed bands is not supported for DL or UL at least in Rel-16 NR-U WI.
Observation 2. Option 2 in TR38.889 is a very simple to apply to the current specification, but it will be beneficial only when the channel of all sub-bands is mostly idle. 
Observation 3. Option 3 in TR38.889 may require MAC/PHY spec changes depending on the method for transmitting data in PHY. The simplest way for option 3 is that a UE always generates only one MAC PDU for 20MHz, regardless of the whole bandwidth size of BWP.

Proposal. RAN2 only consider the following cases with single active BWP for a carrier in Rel-16 NR-U WI:
- UE transmits data only if the CCA is successful at UE for the whole BWP (Option 2 in TR38.889)
- UE transmits data on the only one of sub-bands which the CCA is successful at UE (Method 5 of this paper)
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