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1 Introduction

In RAN3#99, some discussions were carried out on radio link outage/resume for DL/UL differentiation, and the following notes were given

	Some consensus around UP solution; 

UL/DL differentiation? Flagging UL outage should not automatically lead to a retransmission decision (CU is recipient of the outage flag)

Seems to need E1 imapct

to be continued…


   In this contribution, we will further address this issue. 
2 Discussion 
In current specification, radio link outage/resume is a general indication without differentiating DL and UL. The determination of radio link outage is gNB-DU implementation issue. Once this indication is received, gNB-CU may switch the data transmission to another gNB-DU. However, in the real case, the DL link and UL link may not in the same radio condition, especially for FDD band. Specifically, in some cases, UL link may be in outage status while DL link is still good.  Under this situation, if gNB-DU sends the radio link outage to gNB-CU, the DL link may be unnecessarily switched to other gNB-DU; on the other hand, if gNB-DU does not send the radio link outage to gNB-CU, the UL link may cause the performance degradation. 

During the online discussion in RAN3#99, some concerns are raised about this asymmetrical radio link condition of DL and UL, i.e., if UL link is not good, the DL link cannot work very well since the ACK/NACK of DL data is transmitted via UL link.  In practice, ACK/NACK for DL data over PUCCH may have different requirement from UL data over PUSCH. Specifically, PUSCH is used to transmit user data which may have strict QoS requirement. In some cases, the UL link condition may not be good enough to satisfy UE’s UL QoS requirement of one DRB. For example, if the condition of PUSCH for the UE can achieve 16QAM, the UE’s QoS requirement of such DRB can be satisfied; however, if the condition of PUSCH for the UE is degraded to apply BPSK only, the required resource may be increased by four times at least. This will result in significant performance degradation for UE’s DRB for resource limitation case. On the other hand, for PUCCH, BPSK can work well since it is only used for ACK/NACK transmission, and it depends on the DL data volume.  In summary, the performance of PUSCH should be considered from the perspective of radio link quality and QoS requirement of DRB, while the performance of PUCCH is impacted by radio link quality only. 
Observation: PUCCH and PUSCH may have different performance under the same radio link condition since the performance of PUSCH is related to both radio link quality and QoS requirement of the DRB. 

With this observation, we can have the following cases for the same UL link quality:

· Case 1: PUCCH is good, while PUSCH is not good for QoS requirement of one DRB

· Case 2: Both PUCCH and PUSCH are not good 

For case 1, the gNB-CU can keep the DL transmission in the same gNB-DU, while the UL transmission can be switched to another gNB-DU. While for case 2, the gNB-CU can switch both DL and UL to another gNB-DU. 
Following the similar analysis, we can consider the DL link quality with two cases:

· Case 1: PDCCH is good, while PDSCH is not good for QoS requirement of one DRB 

· Case 2: both PDCCH and PDSCH are not good

For case 1, the gNB-CU can keep UL transmission in the same gNB-DU, while the DL transmission can be switched to another gNB-DU. While for case 2, the gNB-CU can switch both DL and UL to another gNB-DU. 

Based on the above analysis, we think that the radio link outage with DL and UL differentiation can achieve efficient link switch, i.e., in some cases, only one direction needs to be switched. 

Proposal: the radio link outage/resume can be indicated by differentiating DL and UL. 

3 Conclusions
In this contribution, we discussed the radio link outage, and we have the following observations and proposal:
Observation: PUCCH and PUSCH may have different performance under the same radio link condition since the performance of PUSCH is related to both radio link quality and QoS requirement of the DRB.
Proposal: the radio link outage/resume can be indicated by differentiating DL and UL. 
The corresponding stage 3 CR is given in [2].  
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