3GPP TSG RAN WG1 Ad-Hoc Meeting 1901                                                                     R1-1900397
Taipei, 21st – 25th January, 2019
Agenda Item:
7.2.2.2.5
Source:
Lenovo, Motorola Mobility
Title:
Wideband operation for NR-U 
Document for:
Discussion & Decision
1 Introduction
The contribution is a revision of R1-1812780.
In RAN#82 meeting, the work item of NR-U is approved in RP-182878 [1]. Regarding the DL and UL wideband operation, the related description in the WID is listed below:

-
Physical layer aspects including [RAN1]:

-
NR-U supports a mode of operation where for a carrier and at least for intra-band CA on serving cells on unlicensed bands, all DL channels / signals can be operated with the same numerology, and all UL channels / signals can be operated with the same numerology. 
-
Wide band operation (in integer multiples of 20MHz) for DL and UL for NR-U supported with multiple serving cells, and wideband operation (in integer multiples of 20MHz) for DL and UL for NR-U supported with one serving cell with bandwidth > 20MHz with potential scheduling constraint subject to input from RAN2 and RAN4 on feasibility of operating the wideband carrier when LBT is unsuccessful in one or more LBT subbands within the wideband carrier. For all wide-band operation cases, CCA is performed in units of 20MHz (at least for 5GHz).
-
UL data channel including extension of PUSCH to support PRB-based frequency block-interlaced transmission; support of multiple PUSCH(s) starting positions in one or multiple slot(s) depending on the LBT outcome with the understanding that the ending position is indicated by the UL grant; design not requiring the UE to change a granted TBS for a PUSCH transmission depending on the LBT outcome. The necessary PUSCH enhancements based on CP-OFDM. Applicability of sub-PRB frequency block-interlaced transmission for 60 kHz to be decided by RAN1. 
-
For DL data channel, support of multiple PDSCH starting positions.

-
DL control in line with the agreements during the study phase (TR 38.889, Section 7.2.1.2) including extensions allowing dynamic change of the time domain instances in which the UE is expected to receive PDCCH, modifications enabling DRS transmissions without gaps in the time-domain, and indication of time domain COT structure; 
In this contribution, we further discuss the open issues of wideband operation on NR-U and present our views. 
2 Discussion
As mentioned in WID of NR-U, for wideband operation in integer multiples of 20MHz for DL and UL, there are two alternatives:

· Alt 1: multiple serving cells supported by means of CA

· Alt 2: single serving cell with wide bandwidth 

Basically, Alt 1 can fully reuse the functionalities of NR Rel-15 CA, which has no extra spec impact. Therefore, we think Alt 1 is the baseline and should be agreed at the very beginning of WI phase. 
On the other hand, CA-based solution need guard band between two contiguous carriers in same band so as to avoid inter-carrier interference. Compared to Alt 2, Alt 1 may have lower spectrum utilization efficiency. Furthermore, considering LBT is performed in unit of 20MHz, the bandwidth of each carrier in Alt 1 has the constraint of 20MHz so that each carrier can have individual LBT. The maximum supported bandwidth is 320MHz if we take maximum 16 carriers aggregated in CA into account. Obviously, Alt 1 can’t fully use the wide bandwidth in the 6GHz unlicensed spectrum, e.g., US 5925 – 7125 MHz, or European 5925 – 6425 MHz, or parts thereof, as we discussed in SI phase. For purpose of supporting wide bandwidth, if we configure integer multiples of 20MHz bandwidth for each carrier in Alt 1, then same issue happens to Alt 2, i.e., when LBT for a part of a single carrier fails, how to use the remaining part of the single carrier needs to be solved. So we think both Alt 1 and Alt 2 should be supported for NR-U.
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Figure 1: two wideband operations for NR-U

Proposal 1: CA-based operation is supported for NR-U wideband operation.

Proposal 2: Single wideband carrier operation is supported for NR-U wideband operation. 
For single wideband carrier for DL transmission, there are 4 options included in TR38.889 based on BWP.

· 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

Basically, multiple activated BWPs should be supported in both Option 1a and Option 1b. However, this is not supported in NR Rel-15 due to complexity in UE blind detection, switching DCI design, inactivity timer design and HARQ. Additionally, independent HARQ entity should be supported for each BWP in Option 1a so that PDSCH transmissions on multiple activated BWPs can be independently processed. From the perspective of UE’s implementation, UE is required to always monitor all the activated BWPs and support of receiving multiple PDSCHs in same slot leads to high UE complexity. From the perspective of gNB’s implementation, gNB is required to prepare multiple PDSCHs for all possible combinations of activated BWPs. 

In Option 1b, there are multiple activated BWPs and gNB selects one activated BWP for PDSCH transmission. From the perspective of UE’s implementation, UE is required to always monitor all the activated BWPs. From the perspective of gNB’s implementation, gNB is required to prepare multiple PDSCHs for all possible combinations of activated BWPs. may cause BWP switching delay when UE switches the single BWP in multiple activated BWPs.

Options 2 and 3 can fully reuse the framework of NR Rel-15 on single activated BWP. Compared to Option 2, Option 3 can be seen as the enhancement of Option 2 in terms of LBT performing. In Option 2, the single activated BWP can be used for PDSCH transmission as long as the LBT for the whole BWP is successful. This may lead to low spectrum utilization efficiency when only a part of BWP, i.e., 20MHz bandwidth, fails the LBT. Option 3 allows the PDSCH transmission on the remaining part of the BWP so as to increase the spectrum efficiency. In addition, UE is required only to monitor the single activated BWP, which does not introduce extra blind detection effort for UE compared to Rel-15. From the perspective of gNB’s implementation, single PDSCH version is prepared by gNB. For further lowing the gNB implementation, PDSCH on the LBT failed part of the BWP can be directly punctured. CBG-based retransmission can be used to recovery the punctured part in retransmission, which is well suitable for punctured based transmission. 
Proposal 3: Only single activated BWP is supported for DL transmission.

Proposal 4: gNB can transmit PDSCH on parts or whole of the single activated BWP based on LBT outcome. 

Proposal 5: CBG-based retransmission is supported for DL transmission.

For single wideband carrier for UL transmission, there are 4 options included in TR38.889 based on BWP.

· 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

Similar to DL transmission, we have below proposals:

Proposal 6: Only single activated BWP is supported for UL transmission.

Proposal 7: UE can transmit PUSCH on parts or whole of the single activated BWP based on LBT outcome. 

Proposal 8: CBG-based retransmission is supported for UL transmission.

3 Conclusion

In this contribution, we focus on the wideband operation and present our views. 
Based on the above analysis, we have below proposals:
Proposal 1: CA-based operation is supported for NR-U wideband operation.

Proposal 2: Single wideband carrier operation is supported for NR-U wideband operation. 
Proposal 3: Only single activated BWP is supported for DL transmission.

Proposal 4: gNB can transmit PDSCH on parts or whole of the single activated BWP based on LBT outcome. 

Proposal 5: CBG-based retransmission is supported for DL transmission.

Proposal 6: Only single activated BWP is supported for UL transmission.

Proposal 7: UE can transmit PUSCH on parts or whole of the single activated BWP based on LBT outcome. 

Proposal 8: CBG-based retransmission is supported for UL transmission.
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