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1	Introduction
We have the following agreements from RAN1#86:
•      Study the relationship of beam(s) used for L1 control channel and beam(s) used for data channel
-        E.g. Using different beamwidth for data and control 
-    E.g. Using different beam directions for data and control
-        E.g. At least one beam is shared by data and control
-        E.g., same beam for data and control
•     A NR cell corresponds to one or more TRPs

Building on these initial agreements which recognize the fact that control and data transmissions may use different beam directions or beamwidths in order to satisfy their respective requirements, this contribution discusses the further decoupling of control and data transmissions across NR cells/TRPs in order to provide greater flexibility in resource allocation and improved decoding performance for a variety of traffic types targeted by the use cases and requirements defined for 5G in TR 38.913 [1]. 
NR is expected to support shared carrier operation where users may be allocated resources across cells/TRPs as well as across carriers operating on the same or different frequency bands (e.g. bands below and above 6 GHz). The control/data decoupling mechanisms described here apply to operation below and above 6GHz with shared or dedicated carriers where disparities may exist between the coverage and resource availability at different cells/TRPs for control and data transmissions. In particular, we focus on enabling allocation of resources to a UE at the most efficient cell(s)/TRPs (i.e., which have greater resource availability to increase UE throughput) while enabling the delivery of control signalling (e.g. scheduling grants, power control, modulation and coding scheme selection and HARQ feedback) from a potentially different set of cells/TRPs that satisfy the reliability or latency requirements for control. 
[bookmark: OLE_LINK15][bookmark: OLE_LINK16]2	Background 
In LTE, each UE associates with one or more “physical” cells which provide a set of mechanisms for synchronization, measurements, mobility, resource allocation and control. Furthermore, there is a strict coupling between downlink control delivery and downlink/uplink resource allocation to the same physical cell. This causes inefficiencies in resource allocation, data decoding and control delivery that may limit the QoS for a significant number of the users. 
In NR heterogeneous networks (for example, in dense urban scenarios) comprised of a high-power macro-layer and a low-power micro-layer, there is inherent asymmetry between link qualities on the downlink and uplink due to heterogeneity in the downlink transmit power from different serving layers. For instance, a UE at the cell-edge might receive the strongest downlink signal from a high-power macro-layer while a nearby micro-layer can pick up a stronger uplink signal from the UE due to smaller path-loss. On the other hand, physical cell/TRP associations are typically determined based on received downlink signal strength (for the purpose of reliable control delivery) and the UE communicates with the same physical cell/TRP on the downlink and uplink. The inefficiency caused by fixed physical cell/TRP associations resulting from the coupled control/data is that, the UE is forced to communicate with a cell/TRP on the uplink (based on its downlink geometry) that might offer inferior QoS compared to another cell/TRP with better uplink geometry (or with more resources available). Note also that there could be significant load variations between the downlink and uplink at a cell/TRP or variations in load between different cells/TRPs. With coupled control/data, it may not be possible to exploit these dynamic load variations since the UE’s uplink and downlink are locked to the same cell/TRP. 
Breaking away from the current paradigm of physical cell/TRP association and its limitations, in this proposal, each user's traffic is served through a user-centric cluster of TRPs, thus allowing the network to dynamically exploit link quality and load variations at each TRP, and in each uplink/downlink direction with possibly different uplink and downlink clusters.
3 	Key Enablers for Decoupled Control and Data 
During RAN1#86 it has been clarified that a NR cell corresponds to one or more TRPs and can be used for resource allocation to a certain UE on the downlink and on the uplink. Downlink transmissions to a UE and uplink reception(s) may occur over a cluster of NR cells/TRPs. The cluster of NR cells/TRPs used for downlink transmission and uplink reception are not necessarily the same since the prevailing link qualities and loads may be quite different.
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								  Figure 1: Downlink control and uplink data decoupling example.
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								 Figure 2: Downlink control and downlink data decoupling example.
Towards realizing such a user-centric connectivity, we first propose that the downlink control delivery and uplink/downlink data processing may be handled by different TRPs. Figure 1 and 2 illustrate such decoupling of downlink control and uplink/downlink data in a simple two TRPs example. Note that in general, NR scenario might be comprised of multiple macro and micro-layers operating on the same or different frequency bands (e.g. below or above 6 GHz). Following up on the cell-edge UE example of the previous section, Figure 1 illustrates a scenario where the downlink control (e.g. PDCCH in the context of LTE) is delivered by a high-power macro-TRP and uplink data (e.g. PUSCH) is decoded at a nearby micro-layer TRP. Figure 2 provides the corresponding scenario for downlink control and downlink data decoupling.
Realizing the control/data decoupling is relatively straightforward when different candidate TRPs operate under the same physical cell ID (e.g. RRH configurations, in the context of C-RAN implementations with ideal backhaul etc). On the other hand, there are a number of important deployment scenarios where either an ideal backhaul is not available, or the two candidate TRPs responsible for downlink control delivery and uplink/downlink data processing do not share the same physical cell ID (e.g. non-overlapping clusters of TRPs where TRPs within a cluster are connected by an ideal backhaul and share the same physical cell ID, but the two candidate TRPs for control delivery and data processing belong to separate clusters). 
Proposal 1: A UE should be capable of monitoring control signalling from any TRP within the NR cell and across NR cells. Signalling mechanisms indicating the subset of NR cells/TRPs within the NR cell group that a UE should listen to for downlink control information should be established.
Proposal 2: The NR cell/TRP that allocates communication resources for the UE and/or generates control decisions (e.g. power control updates, ACK/NACK outcomes following decoding events) may be different than the NR cell/TRP that delivers control information for the UE. 
Note that once a UE attaches to a cell/TRP, a number of functions need to be carried out by the serving cell/TRP. The main functions are resource allocation (number of PRBs allocated to each UE), power control, control delivery (informing UE regarding the resource allocation and power control decisions) and baseband processing (receiver processing and decoding). With NR cells, some of these functions may be handled by (distributed among) different TRPs. Table 1 highlights some of the functional split options based on the example in Figure 1. Each of these options has impacts on measurements that need to be carried out within different physical cells/TRPs, control signaling exchanges among NR cell members and the resulting QoS (e.g. throughput, latency etc.). Hence, we propose the following:
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						        Table 1: Functional Split and Decoupling Options.
[bookmark: _GoBack]Proposal 3: Impact of functional splits regarding main control and signal processing tasks (e.g. power control, resource allocation, baseband processing) among NR TRP/cell group members should be studied.
Note that distributing certain control and signal processing functions among different TRPs within a group of NR cells will have latency impacts. For instance, if the resource allocation and power control decisions are made at a cell/TRP other than the one that delivers corresponding control, associated backhaul/fronthaul latencies between the physical cell/TRP generating control decisions (e.g. resource allocation for new transmissions, ACK/NACK decisions following decoding events) and the cell/TRP delivering control may impact the HARQ and scheduling timelines. To address this issue, one key element already agreed by RAN1 is to consider asynchronous HARQ with flexible timings regarding initial and subsequent transmissions. This is in line with [2-3] that propose flexible timing relationships for HARQ and scheduling decisions in order to accommodate different service types and different backhaul/fronthaul configurations.
Proposal 4: NR should accommodate the delivery of ACK/NACK decisions for asynchronous HARQ via a NR cell/TRP that is not necessarily the same as the one employed for data delivery.
4 	Impact on UE Geometry 
In Figure 3, we provide a sample result illustrating how decoupling of downlink control and uplink data processing can improve uplink geometry of the network. Our basic simulation assumptions and parameters are mainly based on the 3GPP Evaluation Methodology [4]. The baseline for comparison in the figure is an LTE network with eICIC/ABS (6dB bias, 0.2 ABS ratio), which is shown on the left side of the figure. On the right side, we have a decoupled network with its functional split based on Option 2 in Table 1. Basically, we assume that baseband processing for a cell-edge macro UE is performed by the strongest uplink receiver (potentially a nearby small-cell). Furthermore, either through scheduling coordination or by interference cancelation, the impact of locally scheduled user at the small-cell can be avoided. The figure shows significant SINR improvements due to decoupled control and data especially for the UEs at the cell-edges. 
[image: ]Figure 3: Uplink geometry (SINR) comparison. 500 meter site-to-site, 4 randomly deployed small-cells per sector, open loop power control with alpha=0.8 and Po= -82 dBm target.

[bookmark: OLE_LINK9][bookmark: OLE_LINK10]5	Conclusions
[bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK34][bookmark: OLE_LINK35]We have made the following proposals regarding decoupled control and data for NR:
Proposal 1: A UE should be capable of monitoring control signalling from any TRP within the NR cell and across NR cells. Signalling mechanisms indicating the subset of NR cells/TRPs within the NR cell group that a UE should listen to for downlink control information should be established.
Proposal 2: The NR cell/TRP that allocates communication resources for the UE and/or generates control decisions (e.g. power control updates, ACK/NACK outcomes following decoding events) may be different than the NR cell/TRP that delivers control information for the UE. 
Proposal 3: Impact of functional splits regarding main control and signal processing tasks (e.g. power control, resource allocation, baseband processing) among NR TRP/cell group members should be studied.
Proposal 4: NR should accommodate the delivery of ACK/NACK decisions for asynchronous HARQ via a NR cell/TRP that is not necessarily the same as the one employed for data delivery.
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