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1   Introduction
RAN1 supports UE reception of different data streams from multiple TRPs with both ideal and non-ideal backhaul:
“NR supports downlink transmission of the same NR-PDSCH data stream(s) from multiple TRPs at least with ideal backhaul, and different NR-PDSCH data streams from multiple TRPs with both ideal and non-ideal backhaul” [1].
More recently, the following agreement was made in RAN1:
“Adopt the following for NR reception:

· Single NR-PDCCH schedules single NR-PDSCH where separate layers are transmitted from separate TRPs

· Multiple NR-PDCCHs each scheduling a respective NR-PDSCH where each NR-PDSCH is transmitted from a separate TRP” [2]
In addition, an LS has been issued by RAN1 to RAN2 regarding the above agreement:

“RAN1 is considering different scenarios including TRPs connected with ideal and non-ideal backhaul link, TRPs with same and different cell IDs, etc. to provide an increased throughput for users covered by different TRPs, and greater radio link reliability through dual connectivity-like operation.

RAN1 thinks that the above agreement may have impact on RAN2 specification.” [3]
The above LS from RAN1 includes all 4 combinations of TRPs within the same or different NR cells and ideal or non-ideal backhaul interconnections. Whether TRPs belong to the same or different NR cell(s) may have different implications on RAN2/3 standardization. The above RAN1 LS allows the dual connectivity-like operations in the scenario of TRPs with the same cell ID and connected with non-ideal backhaul, i.e. intra-cell DC like operation is allowed. 
For inter-cell intra-frequency reception, there has been an LS responses from RAN4 and RAN1 regarding the feasibility of DC-related mobility enhancement in NR:
Question:

“Q1: Is it feasible that the UE performs simultaneous reception from two intra-frequency cells in either synchronous or asynchronous network with single or dual RF chains?”
RAN4’s response:

“Answer: It is feasible that UE performs simultaneous reception from two intra-frequency cells in synchronous network with single RF chain or dual RF chains.” [4]
RAN1’s response:
“A1: From RAN1 perspective, it may be feasible to simultaneously receive signals from two intra-frequency cells in synchronous and asynchronous networks for UE with dual RF chains and antennas. For synchronous and asynchronous networks for UE with a single RF chain case, RAN1 has not concluded and assumes that it is up to RAN4.” [2]
Our separate contribution [5] discusses in details on RAN1 and RAN4 LSs, and promotes intra-frequency DC for mobility in NR.

Our related contribution in RAN1 [6] includes proposals which allow the flexibility to configure the associations of the PDCCHs corresponding to different connections with the UE MAC entities by RRC signalling.  
In this contribution, we discuss some benefits of multi-connectivity within one NR cell where TRPs/TRP sets in multi-TRP transmission belong to the same cell. The “one NR cell” assumption is: in a coverage area, same frequency carrier and same cell ID are applied, and certain synchronization requirement (received timing difference from the neighbouring TRPs is within CP) is met. Whether multiple lower layer protocol stacks can be allowed in an NR cell is largely dependent on the scope of an NR cell which is FFS in RAN3. 
2   Discussion
2.2   Extension of multi-connectivity within an NR cell
The agreement regarding reception of multiple NR-PDCCH/NR-PDSCH enables multi-connectivity where UE can receive multiple independently scheduled data streams from different TRPs. Such feature is beneficial especially if different TRPs are interconnected by non-ideal backhaul where due to delay of data/CSI exchange among TRPs joint scheduling may not be feasible. It is worth mentioning that multiple NR-PDCCH/NR-PDSCH reception is also possible in the ideal backhaul scenario. In ideal backhaul scenario, there is more flexibility in terms of how multiple NR-PDCCHs are transmitted; e. g., multiple NR-PDCCHs may not need to be transmitted from separate TRPs.
In the case of intra-frequency transmission, the interference due to multiple NR-PDCCH/NR-PDSCH reception by UE can be mitigated by scheduling coordination across TRPs. In the ideal backhaul scenario, dynamic scheduling coordination is possible. In non-ideal backhaul scenario, semi-static/static interference coordination/DL power control can be used to mitigate interference. Furthermore, the UE may perform SIC. The feasibility aspects have been addressed by RAN4 and RAN1, as answered in their LS replies summarized above.
There may be multiple MAC entities in the network involved in transmission to a multi-connectivity UE. To simplify the UE behaviour in multi-connectivity, we propose a correspondence between the number of NR-PDCCHs and the number of MAC entities observable by the UE where each MAC has its own set of HARQ processes corresponding to each connection.
Fig. 1 shows a UE with two connections where UE has separate MACs each corresponding to a separate NR-PDCCH.

[image: image1.emf]PDCP

RLC

MAC

Backhaul

1 2

RLC

MAC

PDCP

RLC

MAC

RLC

MAC


Figure 1. UE multiple NR-PDCCH/NR-PDSCH reception with multiple MAC entities
Proposal 1: RAN supports multiple UE MACs corresponding to multiple NR-PDCCHs where each MAC has its own set of HARQ processes.  
2.3   NR cell definition and L2 mobility
The multiple MAC entities corresponding to multiple UE connections may be associated to different NR cells (Option 1 in Fig. 2) or they may be associated to the same NR cell (Option 2 in Fig. 2). 
When a UE moves from coverage of TRPs 1 towards TRP 2, in case of Option 1, the mobility is handled as inter-cell handover which is subject to conventional handover (HO) procedures. Conventional HO may introduce service delay caused by HO preparation delay plus execution delay. Service interruption can also be introduced by HO failure and ping-ponging.
In case of Option 2, the mobility is largely handled as L2 mobility. For example, similar to the existing CA/DC scenarios that a Scell can be configured first then activated/deactivated many times at a per need basis, mobility procedures among the TRPs in a NR cell can be conducted. 
There are three different cases requiring different level of signalling as described below.
Case 1) (Option 1 with asynchronous TRPs) A UE is served by the current serving TRP1 and moves toward a TRP2 of a new NR cell which is not synchronized with the serving TRP1. To add TRP2 as a new target TRP (also called as the secondary TRP (S-TRP)), complete procedure and signalling are involved similar to adding a Scell for DC in LTE. The UE has to be re-synchronized with the new TRP2 and reset the protocol stack with TRP2. Complete signalling procedure is conducted as shown in Figure 3. 

Case 2) (Option 1 with synchronous TRPs) After the UE moves inside the NR cell, if a new target TRP is to be added, RRC signalling up to step 7 may still be needed. But step 8 may be skipped since tight synchronization is achieved in a NR cell. This case still need RRC signalling but less are required due to access free. 
Case 3) (Option 2 with synchronous TRPs) After the TRP2 has been configured and added as an S-TRP, it can be activated/re-activated with only L2 signalling as shown in Figure 4. With multiple MAC entities under DC approach, the original serving leg with TRP1 will not be released right after the second leg with TRP2 has been activated. Parallel simultaneous transmissions can be conducted with the two legs of TRP1 and TRP2 with the same or different PDCP packets. Until the UE move far away enough from the original source TRP1, it will be released.
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Figure 2. Options for NR cell definition
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Figure 3. Signaling for initial target TRP addition
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Figure 4. Signaling for target TRP activation

2.4   Benefits of multiple MAC entities per NR cell
2.4.1   Flexibility in cell planning
We envisage an NR cell to be composed of multiple TRPs (possibly corresponding to multiple MAC entities) interconnected with combination of ideal/non-ideal backhaul links. This can provide flexibility in cell planning as TRPs can be used to cover multiple sub-areas especially the hotspots while provide the coverage continuity  by filling in possible coverage hole/weak spots where long range beam arrays may not be able to reach. This in fact provides increased spatial isolations in an NR cell and effectively increases the capacity of an NR cell. Such flexibility allows for reduced number of NR cells within a given geographical area and is consistent with normal deployment for ensuring the coverage continuity in large service areas. If every TRP with non-ideal backhaul is configured as an individual cell, it will involve more complexity in deployment and more difficulty to have consistent operations with beam associated TRPs with ideal backhaul.
Observation 1: Multiple MAC entities associated with multiple TRPs in an NR cell allows flexibility in cell planning to improve the NR cell capacity and coverage continuity.
2.4.2   Improve the user experience at the coverage edge areas of the TRPs
Similar to the co-channel HetNet scenarios in LTE, NR multiple intra-cell TRPs may have overlapped coverage.  In the case of ideal backhaul among multi-TRPs, joint scheduling can be conducted to avoid interference between the adjacent TRPs. UEs at the overlapped TRP coverage edge area can have better experience with improved user throughput. Similarly in case of non-ideal backhaul among multi-TRPs, TRP local scheduling coordination or other interference mitigation techniques can help the UEs at the border area to have better per user throughput. The coordinated scheduling operations are dependent on ideal/non-ideal backhaul of different TRPs rather than the cell divisions.
Observation 2: Multiple MAC entities associated with multiple TRPs in an NR cell allows the potential to improve the user experience for UEs at the TRP coverage edge areas.
2.4.3   UE Synchronization
Assuming time synchronized TRPs within one NR cell, a common synchronization sequence (SS) block can be used by all TRPs for UE synchronization irrespective of backhaul interconnection between TRPs; while UE keeps multiple connections to the same NR cell. A UE may benefit from SFN gain for decoding of the common SS block transmitted from multiple TRPs for improved performance on signal detection probability, missed detection probability, and cell search time. This benefit can only be achieved when multiple TRPs are configured into a NR cell instead of multiple cells with loose synchronization.
Observation 3: Multiple MAC entities associated with multiple TRPs in a NR cell can improve the synchronization performance.
2.4.4   Reduced signaling for UE (re-)configuration 

A UE may maintain the same connection settings such as identity, control channel settings, synchronization, measurement/feedback settings across all TRPs in the same NR cell. In this case, there is no PDCP relocation. In a dense deployment, when UE moves across TRPs there is no or limited need for frequent UE reconfiguration due to UE mobility. Within the same NR cell with CA or DC based approach, the likelihood of RACH less HO is increased. Therefore, less signalling is required. In addition, multiple MAC entities with DC based approach will allow packet duplication. The radio fluctuation at the TRP border areas for stationary/slow UEs (or even a UE moves back and forth) can only lead to volume changes on the two TRPs (legs) rather than ping-ponging. Multiple MAC entities approach can also improve the HO reliability. As discussed in section 2.2, cross cell handovers will require more signalling with access requirement, while including multiple TRPs in one NR cell will change many RRC cell handovers to L2 mobility and in many scenarios skipping the access. 
Observation 4: Multiple TRP connectivity with multi-MAC when TRPs are included into the same NR cell is simpler than the scenario with TRPs are configured to different NR cell. The approach allows potential of reduced signaling and better HO reliability.
According to above observations, we propose the following:
Proposal 1: RAN supports multiple UE MACs corresponding to multiple NR-PDCCHs where each MAC has its own set of HARQ processes.

Proposal 2: Consider RAN to support one or more MAC entities within one NR cell if it is allowed by the network architecture.
3   Conclusion
Based on the discussions in this document, we have the following observations: 
Observation 1: Multiple MAC entities associated with multiple TRPs in an NR cell allows flexibility in cell planning to improve the NR cell capacity and coverage continuity.
Observation 2: Multiple MAC entities associated with multiple TRPs in an NR cell allows the potential to improve the user experience for UEs at the TRP coverage edge areas.

Observation 3: Multiple MAC entities associated with multiple TRPs in a NR cell can improve the synchronization performance.
Observation 4: Multiple TRP connectivity with multi-MAC when TRPs are included in the same NR cell is simpler than the scenario with TRPs are configured to different NR cell. The approach allows potential of reduced signaling and better HO reliability.
According to observations outlined in this document, we propose the following:
Proposal 1: RAN supports multiple UE MACs corresponding to multiple NR-PDCCHs where each MAC has its own set of HARQ processes.
Proposal 2: Consider RAN to support one or more MAC entities within one NR cell if it is allowed by the network architecture.
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Annex 

Communication between TRPs within the same cell for distributed NCJT

A.1 User configuration

A multi-MAC protocol for NCJT allows for user to maintain multiple connections under the umbrella of one cell-UE registration. Therefore, the UE maintains the same configuration within the cell and cell maintains the same UE context for the UE. That implies that when a new TRP in distribute NCJT is assigned to serve the user, it needs access to the UE context and the scheduler should take over one of the MACs from the UE perspective. (Note that the cell may have multiple MACs but at any given time maximum a certain number of MACs, which is 2 according to the latest RAN1 agreement, are visible to the same UE.)

The schedulers associated with the TRPs serving the same UE may share certain L1/L2 attributes of the UE in order to better serve it. Such information may include the UE SRS and CSI-RS configuration, UE DRX cycle information, and UE scheduling priorities and buffer information such as PF coefficient of the UE, remaining buffer size, etc.

A.2 Inter-TRP coordination

TRPs within the same NR cell interfere with each other and unless some interference coordination is applied between such TRPs, the UE SINR experience per TRP will mimic the same statistics as SINR experience between different LTE cells. In fact, the simulation results provided to RAN1 TR are based on no interference avoidance/mitigation scheme and the performance improvement solely relies on inherent link diversity. However, within the same cell and depending on the capacity and delay of the backhaul, different interference mitigation mechanisms may be used. Such mechanisms can be divided into two categories. 

i) TRP-based interference coordination mechanisms similar to ICIC. These mechanisms require only long term coordination between different TRPs and may include muting, power control and beamforming and beam avoidance. TRPs need to share their long term power/beamforming decisions and such information is independent of which UEs are to be served.

ii) UE-based interference avoidance: Although the instantaneous CSI/CQI sharing of the UEs may not tolerate the delay caused by backhaul, longer term statistics of the UEs may be acquired over the air or shared among the TRPs. An example of such mechanism is UE beam by one TRP is measured using the SRS measurement or the feedback sent by UE measure by CSI-RS. Then, the TRP tries to avoid interference pointing towards the direction of that UE. The signalling requirements for such mechanisms vary and mostly are implementation specific. It should be noted that with a UE-based interference approach, the number of TRPs accessing the UE information and helping the user can exceed two without surpassing the maximum 2 PDCCH/PDSCH links to the UE. This is because some TRPs in the same cell or from adjacent cells can try to avoid interfere to that UE without actually sending any data to that UE.

a. No scheduling information sharing: This case is more applicable to UDN where the number of active users per TRP is low. In this case, low geometry users are identified and other TRPs try to avoid interfering with them over a wide range of time/frequency resources.

b. Long term scheduling info sharing: The TRPs may share some information (depending on the backhaul capacity) and agree to apply interference avoiding schemes to boost the UE experience in a portion of time/frequency resources. The serving TRP then tries to primarily schedule the UE in the “low interference” resources.  
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