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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
Some remaining open issues of supporting carrier aggregation for NR have been discussed in the previous meeting [1], and the following agreements are achieved:

	Agreements:
· Place HARQ-ACK bit(s) in response to SPS PDSCH after ones in response to dynamic PDSCH in the HARQ-ACK codebook

Agreements:
· For semi-static HARQ-ACK codebook, the UE provides CBG-based HARQ-ACK in response to detecting DCI format 1_0 for PDSCH reception on a cell with configuration for CBG-based HARQ-ACK

Agreements:
· No additional bundling for HARQ-ACK is supported when the actual coding rate for UCI on PUCCH exceeds the configured coding rate
· In this case, no dropping of HARQ-ACK
· If the actual coding rate on PUCCH carrying HARQ-ACK/SR only exceeds the configured coding rate, the UE is expected to proceed with the PUCCH transmission carrying the HARQ-ACK/SR

Agreements:
· DCI 0-0 doesn’t contain DAI
· DCI 1-0 contains a 2-bit counter DAI but doesn’t contain total DAI

Agreements:
· Regarding how to select PUSCH for piggybacking UCI 
· Follows the LTE-approach
· FFS whether or not there are any specific issues




In the contribution, we provide our view on the remaining issues on carrier aggregation.
2. Discussion
PUSCH selection for UCI piggyback
In the case of PUCCH and PUSCH of different carriers overlapped, it was agreed to reuse the LTE approach. In LTE, PUCCH and PUSCH of different carriers are considered as overlapped if they occur in the same subframe as highlighted below [2]:
	If the UE is configured with more than one serving cell and is not configured for simultaneous PUSCH and PUCCH transmission, then in subframe [image: ] UCI shall be transmitted 
· on PUCCH using format 1/1a/1b/3/4/5 or 2/2a/2b if the UE is not transmitting PUSCH 
· on PUSCH of the serving cell given in Subclause 7.2.1 if the UCI consists of aperiodic CSI or aperiodic CSI and HARQ-ACK
· on primary cell PUSCH if the UCI consists of periodic CSI and/or HARQ-ACK and if the UE is transmitting on the primary cell PUSCH in subframe [image: ] unless the primary cell PUSCH transmission corresponds to a Random Access Response Grant or a retransmission of the same transport block as part of the contention based random access procedure, in which case UCI is not transmitted
· on PUSCH of the secondary cell (other than an LAA SCell) with smallest SCellIndex if the UCI consists of periodic CSI and/or HARQ-ACK and if the UE is not transmitting PUSCH on primary cell but is transmitting PUSCH on at least one secondary cell (other than an LAA SCell)


However, the situation of NR are significantly different from LTE in the following ways:
· Variable PUCCH duration: 
The PUCCH can be a short PUCCH of one or two symbols, or a long PUCCH with 4 to 14 symbols in NR.
· Flexible PUSCH duration
The length of the PUSCH can be two through 14 symbols, and with 1 symbol as a working assumption.
· Different numerologies between PUCCH and PUSCH 
[image: ]
[bookmark: _Ref505868200]Figure 1 PUCCH and PUSCH of different carriers in the same subframe
Therefore, as illustrated in Figure 1, even the PUCCH and PUSCH occurs in the same subframe, they may still be sent separately as the symbols of them are actually not overlapped in time. It should be clarified that only if the symbols of PUCCH and PUSCH in different carriers were overlapped in time, the UCI would be piggybacked in PUSCH.
[bookmark: _Ref505956501]Proposal 1: In NR, multiplexing UCI in PUSCH of different carriers only if the PUCCH and PUSCH transmissions overlapped in symbol level.

Furthermore, in LTE if multiple PUSCHs overlapped with PUCCH, the PUSCH on the carrier with lowest index is selected for piggyback. Although this approach is simple and acceptable in LTE, it may not be suitable for NR. 
Firstly, unlike in LTE, the PUSCHs in NR may carry different types of services, e.g. eMBB or URLLC services. If both grant-based and grant-free PUSCH transmissions occur simultaneously, it is desirable to piggyback the UCI in the grant-based PUSCH. Such a behavior help reduce the processing delay and complexity of grant-free PUSCH from UE perspective. Moreover, it avoids reducing the code rate of data, thus help maintain the robustness of grant-free transmission.
[bookmark: _Ref505956505]Proposal 2: Grant-based PUSCH should be prioritized over grant-free PUSCH for UCI piggyback in NR.

Secondly, the overlapped PUSCHs may have different numerologies and different starting and ending time, as depicted in Figure 2. Instead of multiplexing the UCI (e.g. HARQ-ACK) in the PUSCH on the carrier with lower index (i.e. PUSCH-1 in Figure 2), multiplexing in the PUSCH with higher SCS (i.e. PUSCH-2 in the Figure 2) would have lower transmission latency. Therefore, it is desirable from latency reduction perspective.
[image: ]
[bookmark: _Ref505956016][bookmark: _Ref505956011]Figure 2 PUSCH with different numerologies 
Lastly, even if all the PUSCHs are configured with same numerology or same symbol duration, they may be configured with different Beta offset for UCI multiplexing. Considering the large variation of UCI report in NR, it is favorable to select a PUSCH with proper Beta offset for better UCI performance or lower overhead.
[bookmark: _Ref505956508]Proposal 3: For UCI piggyback, the SCS or transmission duration of the PUSCH, and the configured Beta offset, should be taken in account in PUSCH selection in NR.

[bookmark: _GoBack]PUCCH in a cell group
Starting from Rel-8 in LTE, the PUCCH can only be configured in the Pcell. Reconfiguring the PUCCH onto a different carrier requires a heavy handover procedure that may bring in some service interruption time. This framework can be improved in NR; more specifically, the PUCCH in one cell group can be configured on any uplink carrier within the cell group. By this way, the best uplink carrier can be selected for PUCCH transmission without a heavy Pcell change procedure, and the load balancing for PUCCH can be easily performed. It is worth noting that such behavior is somehow supported in NR, where the PUCCH can already be reconfigured between SUL and non-SUL. It can be easily extended to the CA deployment.
[bookmark: _Ref498762968]Proposal 4: PUCCH can be configured on any uplink carrier within the cell group.

Scell activation/deactivation
RAN2 has agreed that MAC CE is used for Scell activation/deactivation, similar as that in LTE. There is still discussion in RAN1 whether additional L1 based Scell activation/deactivation scheme should be supported.  The motivation of introduction additional L1 based scheme is to faster the Scell activation procedure from signaling perspective. However, time consumed for Scell activation is not only caused by signaling delay, but also determined by the other components, including RF retuning time, DL synchronization time, etc. Depending on the exact band combination, the time for RF retuning time and synchronization time may become the dominant time of Scell activation; the exact time will be specified in RAN4. Given that such RAN4 RF/RRM requirement has not been conclude for Rel-15, it is not clear how much benefit can be obtained by specifying additionally the L1 based Scell activation scheme. Therefore, it is proposed to revisit the issue after RAN4 RF/RRM requirements regarding Scell activation is concluded. 
[bookmark: _Ref498762977]Proposal 5: The necessity of L1 based Scell activation/deactivation is revisited after RAN4 RF/RRM requirements regarding Scell activation are concluded.

SUL activation/deactivation
Some carrier of a UE configured with CA can be deactivated for the sake of UE power saving. Such behavior may also be beneficial for SUL carrier motivated by the power saving perspective. The SCell activation mechanism can be enhanced to support activating or deactivating one of the UL carrier, if two UL carriers are configured to a UE.
[bookmark: _Ref503551675]Proposal 6: If two UL carriers are configured to a UE, one of them may be deactivated for power saving.

Timing advance granularity
It has been agreed that up to four TAGs can be configured for a UE configured with CA. If there is only one configured UL BWP in the TAG, the TA granularity is based on that UL BWP. On the other hand, if more than one UL BWPs are configured, the TA granularity in MAC CE has not been defined yet. As discussed in our companion contribution [], it is proposed that for multiple configured UL BWPs in a TAG, the TA granularity is based on the maximum subcarrier spacing of all semi-statically configured UL within the TAG.
[bookmark: _Ref503547505]Proposal 7: In the case of multiple configured UL BWPs in the TAG, the TA granularity is based on the maximum SCS of all semi-statically configured UL within the TAG.
2 Conclusion
In the contribution, we discuss some remaining issues on carrier aggregation. Based on the discussion, we propose that,
Proposal 1: In NR, multiplexing UCI in PUSCH of different carriers only if the PUCCH and PUSCH transmissions overlapped in symbol level.
Proposal 2: Grant-based PUSCH should be prioritized over grant-free PUSCH for UCI piggyback in NR.
Proposal 3: For UCI piggyback, the SCS or transmission duration of the PUSCH, and the configured Beta offset, should be taken in account in PUSCH selection in NR.
Proposal 4: PUCCH can be configured on any uplink carrier within the cell group.
Proposal 5: The necessity of L1 based Scell activation/deactivation is revisited after RAN4 RF/RRM requirements regarding Scell activation are concluded.
Proposal 6: If two UL carriers are configured to a UE, one of them may be deactivated for power saving.
Proposal 7: In the case of multiple configured UL BWPs in the TAG, the TA granularity is based on the maximum SCS of all semi-statically configured UL within the TAG.
References
[1] [bookmark: _Ref489688782][bookmark: _Ref477726638]Chairman notes of RAN1 Ad Hoc 1801, Jan. 2018.
[2] [bookmark: _Ref505956165]3GPP TS 36.213, “Physical layer procedures”, V14.3.0
[3] R1-1801511, “Remaining issues on RACH procedure and timing advance”, vivo, Feb. 2018.



1/4
image3.emf
PUSCH-2

Scell, index 2, 30kHz SCS

Slot index 0 1 2 3 4 5 6 7 8 9 10 11

PUSCH-1

Scell, index 1, 15kHz SCS

Slot index 0 1 2 3 4 5

PUCCH

Pcell, index 0, 15kHz SCS

Slot index 0 1 2 3 4 5


image1.wmf
n


image2.emf
PUSCH-2

Scell, index 2, 30kHz SCS

Slot index 0 1 2 3 4 5 6 7 8 9 10 11

PUSCH-1

scell, index 1, 15kHz SCS

Slot index 0 1 2 3 4 5

PUCCH

Pcell, index 0, 15kHz SCS

Slot index 0 1 2 3 4 5


