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1. Introduction

In RAN1#88bis and RAN1#89 meetings, the following agreements were made related to NR CA operation in terms of cross-CC DCI/UCI transmission and PUCCH transmission per cell group [1].
	RAN1 #88bis Agreements:

· For carrier aggregation, multiple timing-advance groups are supported

· FFS: The number of timing advance groups
RAN1 #89 Agreements:
· Support cross-carrier scheduling for aggregated carriers with the same and different numerology. 
· FFS: the timing relationship between DCI and the corresponding PDSCH/PUSCH
· FFS: impact on the maximum number of HARQ processes

· FFS: potential restrictions (e.g., on combination of different numerology)

· Support joint UCI feedback for aggregated carriers with the same or different numerology. 
· FFS: the timing relationship between PDSCH and the corresponding HARQ-ACK 
· FFS: impact on maximum number of HARQ process 
· FFS: potential restrictions (e.g., on combination of different numerology)
· Support SRS fast switching among N uplink carriers

· The number of M uplink carriers supported by the UE for simultaneous transmission can be smaller than N
· Note: M can be 1 or larger depending on UE capability
· FFS: potential restrictions (e.g., on combination of different numerology, on combination of different frequency bands)

· Support one PUCCH in one cell group for NR DC/CA
· FFS: The carrier for PUCCH transmission can be configured within one cell group
· FFS: potential restrictions (e.g., on combination of different numerology, on combination of different frequency bands)

E-mail discussion following RAN1 #89 meeting:
Part one: Possible Agreements
•      On the search space

–     A UE monitors PDCCH candidates in common search space(s) at least for RMSI and UE specific search space(s) on Primary Component Carrier (PCC)

–     A UE monitors PDCCH candidates at least on UE-specific search space(s) for an Secondary Component Carrier (SCC)

•      Support cross carrier scheduling with CIF 

–     NR at least support that a carrier is scheduled by one and only one carrier

–     FFS: the number of CIF bits

–     FFS: BWP aspects for cross carrier scheduling

•      For cross-carrier scheduling, PDCCH and the scheduled PDSCH can have the same or different numerologies.

•      For self-scheduling, PDCCH and the scheduled PDSCH have the same numerology

–     FFS whether for self-scheduling, PDCCH and the scheduled PDSCH can have different numerologies.

•      For self and cross-carrier scheduling, PDCCH and the scheduled PUSCH can have the same or different numerologies.

–     When numerology are different between PDCCH and the scheduled transmission, the time granularity indicated in the DCI for the timing relationship between the end of PDCCH and the corresponding scheduled transmission is based on the numerology of the scheduled transmission.

•      For multiple timing advance groups

–     LTE timing difference requirement can be used as a starting point

•      FFS factors related to this requirement.

–     Support PRACH transmission for timing advance acquisition on SCC

•    NR Supports 2 cell groups for PUCCH for NR DC
–     FFS: NR supports 2 cell groups for PUCCH for NR CA
Part two: Possible Working assumptions

•      HARQ-ACK transmission related to multiple DL component carriers is supported for DL component carriers operating with the same and different numerology

–    The time granularity of a HARQ-ACK transmission, indicated in the DCI scheduling the PDSCH,  is based on the numerology of PUCCH transmission.


In this contribution, we address some consideration points for supporting CA operation between NR carriers in terms of DCI and UCI transmission, multiple timing advance groups (TAGs), and SRS carrier switching. 
2. Discussion

2.1 Cross-carrier DL/UL control signaling
Regarding cross-CC scheduling between the cells with different numerologies, there are two cases: Case 1) DCI in Cell 1 with small sub-carrier spacing or long TTI schedules DL/UL data in Cell 2 with large sub-carrier spacing or short TTI as shown in Figure 3(a), and Case 2) DCI in Cell 1 with large sub-carrier spacing or short TTI schedules DL/UL data in Cell 2 with small sub-carrier spacing or long TTI as shown in Figure 3(b). 
For Case 1), one long TTI schedules multiple short TTIs via individual DCI per short TTI (by indicating short TTI slot index) or via single DCI for multi-TTI (by adopting multi-TTI scheduling design). In this case, considering DCI overhead in long TTI, some restriction (e.g., limiting the number of scheduled cells with short TTI or not allowing cross-CC scheduling for the cell with very short TTI) may be necessary. For Case 2), one long TTI is scheduled by one of multiple short TTIs and the scheduling short TTI can be fixed or variable considering DCI resource flexibility. 
Regarding HARQ timing in case with cross-CC scheduling, the timing delay between DCI and DL/UL data can be considered to be counted based on the scheduled cell’s TTI granularity as already agreed in the email discussion after RAN1#89. 
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Figure 3: Examples of DCI transmission for cross-CC scheduling in NR CA

Moreover, for UCI transmission in the CA between the cells with different numerologies, there are two cases: Case A) HARQ-ACK for Cell 1 with small sub-carrier spacing or long TTI is transmitted on PUCCH in Cell 2 with large sub-carrier spacing or short TTI as shown in Figure 4(a), and Case B) HARQ-ACK for Cell 1 with large sub-carrier spacing or short TTI is transmitted on PUCCH in Cell 2 with small sub-carrier spacing or long TTI as shown in Figure 4(b).
For Case A), if HARQ-ACK timing is determined based on long TTI conveying DL data, PUCCH resource is allocated in one of multiple short TTIs overlapped with the long TTI slot indicated by DL grant, and the short TTI with PUCCH transmission can be fixed or variable. Otherwise, if HARQ-ACK timing is determined based on short TTI conveying PUCCH, the PUCCH is transmitted in the indicated short TTI, but it is necessary to determine the reference short TTI corresponding to long TTI with DL data for HARQ-ACK timing calculation.
For Case B), if HARQ-ACK timing is determined based on short TTI carrying DL data, PUCCH resource is allocated in the long TTI overlapped with the short TTI indicated by DL grant or the next long TTI. Otherwise, if HARQ-ACK timing is determined based on long TTI carrying PUCCH, the PUCCH is transmitted in the indicated long TTI and the reference long TTI for HARQ-ACK timing calculation can be the long TTI overlapped with the short TTI with DL data. In this case, considering UCI overhead in a long TTI, some restriction (e.g., limiting the number of DL data cells with short TTI or not allowing cross-CC UCI transmission for the cell with very short TTI) may be necessary.
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Figure 4: Examples of UCI transmission by anchor cell approach in NR CA
Proposal 1: HARQ-ACK timing can be determined based on either the granularity of TTI carrying DL data or the granularity of TTI conveying PUCCH.
Regarding the support of one PUCCH in one cell group, it can be considered to configure PUCCH cell by semi-static manner, similar to LTE eCA. However, it may be beneficial to adopt dynamic switching of PUCCH cell within cell group by considering load balancing of UL control resource overhead across cells and flexible DL/UL configuration per cell in NR. Furthermore, under the CA between the cells with different numerology (e.g. different symbol duration), synchronization between multiple cells may also need to be considered, for example, in terms of TA group which would be discussed in the next section. In addition, considering introduction of analog (or hybrid) beamforming based operation in NR especially for high frequency band (e.g. above 6 GHz), it may also be necessary to consider CA with the cells operated with analog beamforming, for example, in terms of DCI/UCI transmission. 
2.2 Multiple timing advance groups
Supporting multiple timing advances groups (TAGs) in NR carrier aggregation was agreed in RAN1 #88bis meeting. A follow-up potential agreement was made during the e-mail discussion following the RAN1 #89 meeting which is copied below:
•      For multiple timing advance groups

–     LTE timing difference requirement can be used as a starting point

•      FFS factors related to this requirement.

–     Support PRACH transmission for timing advance acquisition on SCC
According to the discussion, the timing difference requirement was made to put some reasonable constraint on the receiver buffer size. Now it is a bit questionable if we can still base the previous decision on the same receiver buffer size after many years from the last discussion (perhaps around year 2010). Another point to be discussed on this topic is that we may need to take the maximum receiver bandwidth and the cyclic prefix the latter of which may have minor impact on the final decision. The larger the receiver bandwidth is the higher the data rate we could expect. In NR, as we expect much larger bandwidth, e.g., 400 Mhz, we may need much larger buffer size for the same timing difference, or may end up being quite limited in terms of the tolerable timing difference given the same buffer size assumption as we used in LTE.
Proposal 2: Consider maximum receiver bandwidth and cyclic prefix for NR timing difference requirement.  
The second agreement regarding multiple TAGs is to support PRACH transmission for timing advance acquisition on secondary component carrier (SCC). Being in RRC-CONNECTED state, RACH procedure to acquire TA on the SCC can be initiated by PDCCH order. Once UE receives PDCCH order on subframe n, the UE is expected to send random access preamble using a pre-configured PRACH resource after subframe n+k0, e.g., k0=6. Upon successful reception of the preamble on subframe n, eNB sends RAR message containing TA command to UE on some subframe, e.g., n+k1, within the RAR window the start and duration of which are configured in subframe unit. UE then proceeds to send Msg3 on subframe n+k2 in response to the received RAR on subframe n. 
Considering a wide range of subcarrier spacings NR supports, the absolute time is widely different among different subcarrier spacings, e.g., 8 times shorter for 120kHz subcarrier spacing than 15kHz subcarrier spacing. And also keeping in mind that NR supports CA with different numerologies, it is needed to study how to define the timings for DL/UL transmission associated with random access procedure in NR carrier aggregation scenarios. Similar considerations may be necessary regarding the timings related to the SCell activation/deactivation (e.g., deactivation timer, SRS transmission, CSI report, PDCCH monitoring, PHR trigger, etc,). 
Proposal 3: Consider the timings for DL/UL transmission associated with random access procedure in absolute time as well as in slots or symbols under NR carrier aggregation.  

· PDCCH order to Msg1 transmission timing 

· RAR window timing

· RAR to Msg3 transmission timing 
· SCell activation/deactivation related timing
The TA command carries information on how much earlier the UE has to start transmission of the uplink signal to align the uplink subframe and the downlink subframe at the eNB. The discussion similar to the timing can be made regarding the basic unit of TA command, and it is needed to consider the options listed in our proposal below as the basic unit for the signalling of the TA command. 
Proposal 4: Consider the options below for the basic unit of TA command:
· Opt.1
Fixed time (in us) regardless of the subcarrier spacing in use

· Opt.2
Scaled time (in us) according to the subcarrier spacing in use

· Opt.3
Configurable, e.g., by SIB or by any other signalling mechanism 

2.3 Other considerations

For SRS carrier switching in NR, we need to further study especially on which aspects could be different from the LTE system. If we define for this discussion CC1 as the CC that the SRS carrier switching starts from and the CC2 as the CC that the SRS carrier switching starts to, for example, the selection of the SRS transmission resource (timing) on CC2 is related to the NR frame structure, PUCCH formats, slot type, mini-slot, etc., and the discussion on the collision handling would bring up many topics that have yet to be decided, e.g., the additional DMRS location of CC1 and how we deal with the switching time in NR, etc. We need more study and discussions on the topics listed in our proposal below. 
Proposal 5: The following aspects need to be studied for supporting SRS carrier switching in NR:
· Resources for SRS transmission

· Collision handling

· Potential restrictions on CC combination
· Switching time (and reduction)
· SRS switching among CCs different numerologies

3. Conclusion
In this contribution, we discussed on the transmission of DCI and UCI to support CA between NR carriers, multiple TAGs, SRS carrier switching, and the followings are proposed: 
Proposal 1: HARQ-ACK timing can be determined based on either the granularity of TTI carrying DL data or the granularity of TTI conveying PUCCH.
Proposal 2: Consider maximum receiver bandwidth and cyclic prefix for NR timing difference requirement.  
Proposal 3: Consider the timings for DL/UL transmission associated with random access procedure in absolute time as well as in slots or symbols under NR carrier aggregation.  

· PDCCH order to Msg1 transmission timing 

· RAR window timing

· RAR to Msg3 transmission timing 
· SCell activation/deactivation related timing
Proposal 4: Consider the options below for the basic unit of TA command:
· Opt.1
Fixed time (in us) regardless of the subcarrier spacing in use

· Opt.2
Scaled time (in us) according to the subcarrier spacing in use

· Opt.3
Configurable, e.g., by SIB or by any other signalling mechanism 

Proposal 5: The following aspects need to be studied for supporting SRS carrier switching in NR:
· Resources for SRS transmission

· Collision handling

· Potential restrictions on CC combination
· Switching time (and reduction)
· SRS switching among CCs different numerologies
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