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1. Introduction
From RAN1#88bis and RAN1#89, the following were agreed related to CA/DC operation [1] [2]:
Agreements:
· For NR CA, at least CA deployment scenarios 1 – 4 of TS 36.300 Section J.1 are supported with equal priority.
· Carrier aggregation across duplexing schemes between carriers is supported

Agreements:
· Both synchronous and asynchronous dual connectivity are support for LTE-NR/NR-NR DC

Agreements:
· For carrier aggregation, multiple timing-advance groups are supported
· FFS: The number of timing advance groups
· For LTE-NR DC, from UE perspective,
· The deployment scenario that LTE eNB are not synchronized with NR gNB when operating on different and non-overlapping carrier frequencies is supported.
· The deployment scenario that LTE eNB are synchronized with NR gNB is supported when operating on different and non-overlapping carrier frequencies is supported.
· For NR-NR DC, from UE perspective,
· The deployment scenario that one NR gNB are not synchronized with another NR gNB for different cell-groups at least when operating on different and non-overlapping carrier frequencies is supported.
· The deployment scenario that one NR gNB are synchronized with another NR gNB for different cell-groups at least when operating on different and non-overlapping carrier frequencies is supported.
· FFS: exact definition of synchronous
For LTE-NR/NR-NR DC, scheduling and HARQ mechanisms/procedures between cell-groups are independent
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)

This contribution considers aspects related to random access for CA/DC scenarios in NR. 
1. Random Access for CA/DC
In LTE, random access can be performed on PCell as well as on SCell. In case of SCell (other than PSCell), only contention free random access is performed as initiated by the network via PDCCH order. The PDCCH order can be received on the same SCell (non-cross carrier scheduling) or on a scheduling cell (cross carrier scheduling). This procedure helps to establish the timing advance for a sTAG. 

When performing random access procedure on the PCell when CA is configured, a UE transmits the RACH preamble on the PCell and receives the corresponding RAR on the PCell. When performing contention free random access procedure on the SCell, the UE transmits the RACH preamble on SCell and receives the corresponding RAR on PCell. In CA, only one RA procedure is ongoing at any time instant and this helps reduce the number of blind decoding operations on the SCell. For the pTAG, the UE uses the PCell as timing reference. When a SCell is deactivated, the UE aborts an ongoing RA procedure on the SCell. Compared to the RA procedure on PCell, the UE, after transmitting PRACH preamble for a maximum number of times on the SCell, shall not indicate RA problem to upper layers and instead just consider that the RACH transmission was unsuccessful. The timing alignment value is to be used for the PUCCH/PUSCH and SRS on PCell/PSCell and for PUSCH/SRS on SCell. 

When performing a RA procedure on the PCell or the PSCell when DC is configured, a UE transmits the RACH preamble and receives RAR on the corresponding cell group (CG). This is to ensure that un-necessary latency between MeNB and SeNB is avoided due to backhaul. Hence, support of parallel RA procedures is useful. When performing contention free random access procedure on the SCell (other than PSCell), a UE transmits the RACH preamble on SCell and receives the corresponding RAR on PCell for MCG and PSCell for SCG. Similar to CA, this mechanism helps to reduce the number of blind decoding operations by avoiding blind decodings for RAR scheduling on the SCell. 

The LTE operation principles for a RA procedure can be baseline in NR. The above mechanisms for SCell can help to avoid CORESET configurations for the purpose of supporting a RA procedure. The SCell may use a different numerology as compared to the PCell or PSCell in NR. In such a case, when RAR is received on the PCell/PSCell for the contention-free RA initiated by the PDCCH order and contains the initial UL grant for the handover case (for example), the allocation must be assigned based on the numerology of the Scell. This may impact the RAR formats depending on the numerology used on SCell as the UL grants will depend on the RB sizes which in turn depend on the numerology used. 

Observation 1: NR should consider the impact of numerology on the UL grant allocations (for Scell) indicated in RAR for the contention-free RA initiated by the PDCCH order.

For the case of synchronized deployments for DC, power limitations and prioritizations for parallel RA procedures can be followed similar to LTE. In case of non-synchronized deployments, the power limitations for the parallel RA procedures can be calculated based on priority rules determined based on network configuration. For instance based on the type of data service type, a first PRACH transmission can be given higher priority over a certain PRACH transmission irrespective of PCell or SCell. In addition, the parameters such as waveform, numerology, beam forming parameters, among others may also be considered when deciding the power levels for the parallel RA procedures. The parameters to be used, of course, will be dependent on the decisions taken in the power control discussions. Further, when the PRACH transmission of the UE on the Pcell starting in subframe i1 of MCG overlaps in time domain with another PRACH transmission of the UE starting in subframe i2 of SCG, the calculations of Pc,max(i1,i2) may also account for the above mentioned parameters which are newly introduced for NR. 

Observation 2: For non-synchronized deployments, power prioritizations for simultaneous PRACH transmissions can be determined based on network configuration.

Observation 3: The power calculations for the RA procedures may also depend on waveform, numerology, beam forming parameters, among others, contingent on the decisions taken in the power control agenda.

In LTE there is only one numerology for unicast and all TA calculations are in terms of Ts which is fixed to 1/30720 ms. Hence, there is no ambiguity in the formation of a TAG. For NR, it is possible for a UE to support multiple numerologies within and across carriers. Hence, the value of Ts can change based on numerology. In such case the TA value indicated via RAR need to be based on an absolute TA value for which the numerology may be indicated along with TA value (if needed), or on a TA value for a reference numerology such as the numerology for the largest SCS configured to the UE. Further, having a TAG per numerology should be avoided as it will unnecessarily increase the number of TAGs and the TAG Id field size. 

Observation 4: NR should consider the impact of numerology on TA values indicated in the RAR and formation of the TAG.

The number of supported TAGs depends on the UE capability and how much maximum timing alignment it can support across carriers in different TAGs. For instance, TS 36.300 for LTE specifies that a UE should cope with a maximum uplink transmission timing difference between TAGs of 32.47s for carrier aggregation with multiple TAGs. Depending on this maximum value and the size of the TAG Id field size, the maximum number of TAGs can be decided. Furthermore, in NR, beamforming is considered and is crucial for above 6GHz deployments. In such cases, there is possibility that the TA value changes between different beams even within the same TRP/gNB. Furthermore, this depends on the gNB/TRP beam and also the UE beam used for communications. Note that this TAG design, for example number of TAGs, impacts the MAC PDU design which indicates the TA value and the TAG the UE must use. Hence, the TAG design will have to consider not only the carrier aggregation deployments and PUCCH load for designing TAG, but also the impact of beamforming and the corresponding deployments for designing the TAG and the number of TAGs. 

Observation 5: NR should consider the impact of carrier aggregation and also beamforming deployments when designing a TAG and the number of TAGs.

 
1. Conclusion
In this contribution, considerations on RACH for NR CA and DC are presented. In particular, the following is observed and proposed:
Observation 1: NR should consider the impact of numerology on the UL grant allocations indicated in RAR for the contention-free RA initiated by the PDCCH order.

Observation 2: For non-synchronized deployments, power prioritizations for simultaneous PRACH transmissions can be determined based on network configuration.

Observation 3: The power calculations for the RA procedures may also depend on waveform, numerology, beam forming parameters, among others, contingent on the decisions taken in the power control agenda.

Observation 4: NR should consider the impact of numerology on TA values indicated in the RAR and formation of the TAG.

Observation 5: NR should consider the impact of carrier aggregation and also beamforming deployments when designing a TAG and the number of TAGs.

Proposal 1:  Random access can be performed on PCell and on SCell. SCell (other than PSCell) supports only contention free random access initiated by PDCCH order.
Proposal 2: For random access on the PCell or the PSCell, a UE transmits the RACH preamble on the PCell and receives the corresponding RAR on the PCell or the PSCell. 
Proposal 3:  For contention free random access on a SCell, a UE transmits the RACH preamble on the SCell and receives the corresponding RAR on the PCell or the PSCell.
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