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1. [bookmark: _Ref521334010]Introduction
An LS on CSI reporting in C-DRX is received in RAN1 in RAN1#98 [1]. RAN2 gives a scenario where a periodic CSI or semi-persistent CSI over PUCCH, in addition to HARQ-ACK, overlaps with a PUSCH in symbol n. When simultaneousHARQ-ACK-CSI is enabled, if UE performs UCI multiplexing between CSI and HARQ-ACK, it is possible that the resulting multiplexed UCIs can be relocated to symbols that are in the same slot but no longer overlap with PUSCH. If that happens, the CSI has to be dropped, together with the HARQ-ACK in DRX active time. That is because the multiplexed UCIs would have to be sent over PUCCH instead of PUSCH, as initially expected. This is not a desirable consequence, as HARQ-ACK is dropped for no good reason. RAN2 wants to check with RAN1 whether the scenario is possible and whether the issue can be resolved in RAN1.
This contribution discusses the issues related to UCI transmission with CSI reporting in C-DRX.
2. Discussion
According to the current MAC-layer specification, when DRX is configured, whether report CSI on PUCCH or semi-persistent CSI on PUSCH is based on the grants/assignments/DRX Command MAC CE/Long DRX Command MAC CE received and Scheduling Request sent until 4 ms prior to symbol n, however, if PUCCH/PUSCH includes multiple symbos, it is not clear which symbol of the PUCCH/PUSCH should be used as symbol n. It is possible that based on some symbols of the PUCCH/PUSCH, CSI should be transmitted and based on the other symbols, CSI should not be transmitted, but it is not a good UE behavior if UE only transmit partial symbols of a PUCCH/PUSCH. Hence a clear definition is needed, and the first symbol of PUCCH or PUSCH used for CSI reporting determination can be used to determine whether report CSI on PUCCH or semi-persistent CSI on PUSCH.
Proposal 1: The first symbol of a PUCCH or PUSCH is used as the reference symbol for the PUCCH or PUSCH to determine whether to report CSI.
Based on the above proposal, for the scenario of CSI on PUCCH or semi-persistent CSI on PUSCH not overlapping with other UL channels, UE knows whether to transmit CSI. However, for the scenario of CSI on PUCCH or semi-persistent CSI on PUSCH overlapping with other UL channels, the following issues should be further considered:


Figure 1. CSI overlapping with HARQ-ACK, a new PUCCH resource is used for multiplexing
· Issue 1: If the configured PUCCH resource for CSI is different from the multiplexing PUCCH resource, it is not clear which resource should be used to determine whether CSI should be transmitted.
As shown in figure 1, a CSI on PUCCH overlaps with a PUCCH with HARQ-ACK, based on the total number of bits of CSI and HARQ-ACK, a new selected PUCCH resource used for multiplexing is different from the PUCCH resource configured for CSI or used for HARQ-ACK. Based on the configured CSI PUCCH resource, CSI should be transmitted since the PUCCH resource is in active time, while based on the multiplexing PUCCH resource, CSI should not be transmitted since the PUCCH resource is in inactive time. The following options can be considered to resolve this issue:
· Option 1: Whether transmit CSI is determined based on the configured PUCCH resource for CSI
· In this option, a UE does not need to determine whether the multiplexing PUCCH resource is in DRX active time if the multiplexing PUCCH resource is different from the configured PUCCH resource
· Option 2: Whether transmit CSI is determined based on the multiplexing PUCCH resource for CSI
· An issue with this option is when multiplexing PUCCH resource is in inactive time, CSI should not be transmitted in this resource, but there are no rules for HARQ-ACK only transmitted on this multiplexing resource. If HARQ-ACK is dropped, it has impact on DL performance.
· Option 3: Whether transmit CSI is determined based on both the configured and the multiplexing PUCCH resource for CSI
· In this option, UE should do twice determination whether CSI can be transmitted. First based on the configured PUCCH resource and if the result is true, second based on the multiplexing PUCCH resource. The same issue as option 2 also exists in option 3.
· Issue 2: If the configured PUCCH resource for CSI overlaps with another PUCCH or PUSCH resource and UCI multiplexing should be applied, UE cannot determine whether CSI can be transmitted before it determines whether UCI multiplexing should be used when the starting position of configured CSI PUCCH resource is later than the other PUCCH or PUSCH resource. 
As shown in figure 2, a CSI on PUCCH overlaps with a PUCCH with HARQ-ACK, and the starting position of HARQ-ACK resource is earlier than the starting position of configured CSI PUCCH resource. Assuming whether transmit CSI is determined based on the configured CSI resource, UE determines whether HARQ-ACK is multiplexing with CSI at time point X, however, UE does not know whether CSI should be transmitted until time point Y, so UE does not know whether multiplex HARQ-ACK and CSI or drop CSI at time point X. 
A simple solution is UE always determines whether CSI is transmitted based on the first symbol of the earliest channel overlapping with CSI resource. Then, in the following example, UE should determine whether CSI is transmitted based on the first symbol of HARQ-ACK resource.


Figure 2. CSI overlapping with HARQ-ACK when HARQ-ACK resource is earlier than CSI resource

[bookmark: _GoBack]Generally, considering the main target of not transmitting CSI in DRX is for power saving, the other UL channels should not be impacted. For all the issues discussed above, the simplest solution is that if CSI on PUCCH or semi-persistent CSI on PUSCH overlaps with other UL channels, UE implements the UCI multiplexing or dropping according to the rules defined in PHY-layer without considering DRX, and if CSI on PUCCH or semi-persistent CSI on PUSCH does not overlap with other UL channels, UE determine whether transmit CSI according to the rules defined in MAC-layer.
Proposal 2: If CSI on PUCCH or semi-persistent CSI on PUSCH does not overlap with other UL channels, UE determines whether transmit CSI according to the rules defined in MAC-layer; if CSI on PUCCH or semi-persistent CSI on PUSCH overlaps with other UL channels, UE implements the multiplexing or dropping according to the rules defined in PHY-layer without considering DRX. 

3. Conclusions
In this contribution, we discussed the issues related to UCI transmission with CSI reporting in C-DRX, the proposals are summarized as follows:
Proposal 1: The first symbol of a PUCCH or PUSCH is used as the reference symbol for the PUCCH or PUSCH to determine whether to report CSI.
Proposal 2: If CSI on PUCCH or semi-persistent CSI on PUSCH does not overlap with other UL channels, UE determines whether transmit CSI according to the rules defined in MAC-layer; if CSI on PUCCH or semi-persistent CSI on PUSCH overlaps with other UL channels, UE implements the multiplexing or dropping according to the rules defined in PHY-layer without considering DRX. 
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