3GPP TSG RAN WG1 NR Ad-Hoc Meeting
R1-1711422
Qingdao, China, 27 – 30 June 2017
Agenda Item:
5.1.3.3.9
Source:
Huawei, HiSilicon
Title:
Resource allocation for data channels
Document for:
Discussion and decision 
1 Introduction

At the meeting RAN1#87 meeting [1], for the multiplexing of downlink control and data, it was agreed that:

Agreements:
· NR should support dynamic reuse of at least part of resources in the control resource sets for data for the same or a different UE, at least in the frequency domain

· FFS: if resource reuse can be done in time domain as well

· FFS: DL data DM-RS location in time should not vary dynamically as a consequence of dynamic reuse of control resources for data

· FFS: time/frequency granularity of the resource reuse

· FFS: signaling needed, if any
While at the RAN1 #88bis [2] and #89 meeting [3] meetings, for bandwidth part the following working assumptions and agreements were further made that:
Working assumption: ‎[2]
· One or multiple bandwidth part configurations for each component carrier can be semi-statically signaled to a UE

· A bandwidth part consists of a group of contiguous PRBs

· Reserved resources can be configured within the bandwidth part
· The bandwidth of a bandwidth part equals to or is smaller than the maximal bandwidth capability supported by a UE

· The bandwidth of a bandwidth part is at least as large as the SS block bandwidth

· The bandwidth part may or may not contain the SS block
· Configuration of a bandwidth part may include the following properties

· Numerology

· Frequency location (e.g. center frequency)

· Bandwidth (e.g. number of PRBs)

· Note that it is for RRC connected mode UE
· FFS how to indicate to the UE which bandwidth part configuration (if multiple) should be assumed for resource allocation at a given time

· FFS neighbour cell RRM
Agreements: [3]
· Confirm the WA of RAN1#88bis.

· Each bandwidth part is associated with a specific numerology (sub-carrier spacing, CP type)

· FFS: slot duration indication if RAN1 decides to not to downselect between 7 symbol and 14 symbols for NR slot duration

· UE expects at least one DL bandwidth part and one UL bandwidth part being active among the set of configured bandwidth parts for a given time instant.

· A UE is only assumed to receive/transmit within active DL/UL bandwidth part(s) using the associated numerology

· At least PDSCH and/or PDCCH for DL and PUCCH and/or PUSCH for UL

· FFS: down selection of combinations

· FFS if multiple bandwidth parts with same or different numerologies can be active for a UE simultaneously 

· It does not imply that it is required for UE to support different numerologies at the same instance.

· FFS: TB to bandwidth part mapping

· The active DL/UL bandwidth part is not assumed to span a frequency range larger than the DL/UL bandwidth capability of the UE in a component carrier.

· Specify necessary mechanism to enable UE RF retuning for bandwidth part switching

Agreements: ‎[3]
· In case of one active DL BWP for a given time instant, 

· Configuration of a DL bandwidth part includes at least one CORESET.

· A UE can assume that PDSCH and corresponding PDCCH (PDCCH carrying scheduling assignment for the PDSCH) are transmitted within the same BWP if PDSCH transmission starts no later than K symbols after the end of the PDCCH transmission.

· In case of PDSCH transmission starting more than K symbols after the end of the corresponding PDCCH, PDCCH and PDSCH may be transmitted in different BWPs

· FFS: Value of K (may depend on numerology, possibly reported UE retuning time, etc) 

· For the indication of active DL/UL bandwidth part(s) to a UE, the following options are considered (including combinations thereof)

· Option #1: DCI (explicitly and/or implicitly) 

· Option #2: MAC CE

· Option #3: Time pattern (e.g. DRX like)

· Details FFS

Besides, at the meeting RAN1#89 meeting [3], for resource allocation and RBG size it was agreed that:
Agreements:
· In frequency-domain, for PDSCH and for PUSCH with CP-OFDM waveform, starting point is at least LTE DL RA type 0.

· Working assumption: In frequency-domain, for PUSCH with DFT-s-OFDM waveform, only contiguous resource allocation is supported in Rel. 15.

· In frequency-domain, NR allows to schedule a PDSCH and PUSCH at least with CP-OFDM waveform with large resource allocation and small resource allocation in dynamic manner.

· E.g., scheduling a slot with full or almost full bandwidth and scheduling next slot with one or a few RBs.
Agreements:
· The set of RBG size includes at least 2, [3,] 4, [6,] 8, 16
· FFS: necessity of other RBG sizes
· RBG size may or may not depend on the number of symbols for data
· For determining RBG size, the following options are considered

· Opt. 1: RBG size is determined by the NW channel BW

· FFS: Necessity of signaling

· Opt. 2: RBG size is determined by BW for the configured BW part

· FFS: Necessity of signaling
· FFS: Multiple configured BW parts
· Opt. 3: RBG size is configured by NW
· FFS: Set of configurable RBG sizes may depend on frequency range

· Opt. 4: RBG size is determined by DCI
· FFS: Signaling details
In this contribution, resource allocation of data channel is discussed by taking dynamic multiplexing of the data and control channel into account, the RBG granularity in frequency domain is also considered. Besides the resource allocation mechanism in active bandwidth part is also discussed. 
2 Discussion
2.1 Resource allocation for data channel multiplexing with control channel
As the capacity of control channel is time-varying, in order to increase the resource utilization efficiency, a some control resources can be dynamically multiplexed for data channel as agreed in [1], hence some PRBs within control resource sets (CORESET) or un-configured resources in the control region can be dynamically reused for data transmission. 
In LTE, the frequency granularity of the resource for data transmission (i.e. RBG size) can be 1, 2, 3, 4.PRBs and is based on system bandwidth. While for control channel resource, there was a working assumption made in RAN1#88bis that a NR-CCE is defined as 6 REGs and REG bundling per CCE in frequency domain is supported, REG bundling size in frequency domain can be seen as the frequency-domain granularity of control channel resources.  Based on the analysis in [4], the REG bundling size in frequency domain is dependent on the CCE-to-REG mapping scheme, such as localized or distributed mapping, frequency-first or time-first mapping, and the time duration of CORESET. For example, considering the possible time duration of CORESET can be 1, 2, 3 OFDM symbols, for time-first CCE-to-REG mapping, the possible REG bundling size in frequency domain can be 1, 2 or 3; while for frequency-first CCE-to-REG mapping, the possible REG bundling size in frequency domain can be 2, 3 or 6.  When control resources are used for data transmission, if the LTE based RBG sizes is assumed for NR, the RBG size of data channel and REG bundling size in frequency domain of control channel is not same, thus possible scheduling collision could happen and some frequency resources in control channel cannot be efficiently used for data channel. As Figure 1 illustrated, when control resources are used for data transmission, if the REG bundling size in frequency domain is 2, and RBG size is 3, the unused PRBs cannot to be scheduled to data channel.
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Figure 1. Possible scheduling collision when data channel multiplexing with control channel 

So if control resources are used for data transmission, in order to make most full use of control channel resources, the RBG size for data transmission should be same with the frequency granularity of control channel as possible. So when the control channel resources are reused for data channel, as both of RBG and REG bundling contain group of PRBs, it is beneficial to have a unified design for RBG size and REG bundling size in frequency domain. 
In NR, more variety for subcarrier spacing and kinds of gNB or UE bandwidths can be supported, however, considering the simplicity of DCI design, the number of bits for resource allocation field (such as bitmap) should not change so much for various cases, so the RBG sizes in NR can keep a set of values and the maximum RBG size especially for larger bandwidth, can be larger than LTE RBG size.  Furthermore, in order to align with possible REG bundling size in frequency domain, the maximum RBG size could be 6 or even larger (e.g.12). 
So based on the REG bundling size in frequency domain, possible resource allocation scheme for data channel is discussed as follows:
The candidate sizes of RBG can be predefined as 1,2,3,6 to align with all possible REG bundling sizes in frequency domain. In the field of resource allocation, a bitmap with resolution of 6 PRBs is used to indicate which 6-PRBs unit regions are used for potential data channel transmission across the whole bandwidth. In order to schedule smaller size of RBG within the frequency regions indicated by bitmap to match with REG bundling size in frequency domain and achieve better scheduling granularity, especially for UEs with kinds of bandwidth sizes, possible several nested scheduling granularities are provided, as shown in Figure 2, these nested patterns can contain information about the size of scheduled RBGs and their location within corresponding 6-PRB region across full bandwidth.
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Figure 2. Nested patterns with different RBG sizes
NR allows to schedule a PDSCH and PUSCH at least with CP-OFDM waveform with large resource allocation and small resource allocation in dynamic manner, then NR resource allocation should allow dynamically to select and schedule to a small size of RBGs as well as large size of RBGs in the frequency resource in order to obtain the frequency selective gain as proposed in [5]. Besides, as the capacity of control channel is dynamically changed, dynamical multiplexing of data and control should be supported, hence nested patterns with different RBG sizes for same or different UEs can be dynamically changed. Therefore, in DCI, a number of bits can be added in front of bitmap to indicate UE which nested pattern is used for data channel resource allocation. And UE can be specific pre-configured with a set of nested patterns by RRC or MAC CE signalling to reduce the DCI overhead. Based on the REG bundling size in frequency domain, the gNB can decide the nested patterns in set used for data channel resource allocation. Then the number of bits in front of bitmap depends on the number of nested patterns in set configured by RRC or MAC CE signalling.
Figure 3 illustrates an example of data channel multiplexing with control channel, the REG-to-CCE mapping is distributed and frequency-first, and the REG bundling size in frequency domain is 2. Then in this situation, the nested patterns with RBG size 2 illustrated in Figure 3 can be used for data channel resource allocation, and then the allocation collision between control channel and data channel can be avoided somehow.
[image: image3.emf]6 RB 6 RB 6 RB

REG in 

NR CCE0

REG in 

NR CCE1

REG Bundling

6 RB 6 RB 6 RB

REG in 

NR CCE2

REG in 

NR CCE3

RBG

Unused RB for 

control channel

RBG Resource in control channel for data channel

Scheduled RBG for data channel

Control channel

resource

Data channel 

multiplexing with

control channel


Figure 3. Example of data channel multiplexing with control channel with 6-PRB based pattern
Proposal 1: RBG size should be same with REG bundling size in frequency domain in order to efficiently enable dynamic multiplexing of control and data channels, at least the RBG size of 1, 2, 3 and 6 should be supported in NR.
Proposal 2: A particular RBG size can be dynamically indicated by a RA field in the DCI for scheduling a data transmission from a set of RBG sizes with nested patterns configured via RRC or MAC CE signalling.
3 Conclusions
According to the above discussions, we have the following observation and proposals:

Proposal 1: RBG size should be same with REG bundling size in frequency domain in order to efficiently enable dynamic multiplexing of control and data channels, at least the RBG size of 1, 2, 3 and 6 should be supported in NR.
Proposal 2: A particular RBG size can be dynamically indicated by a RA field in the DCI for scheduling a data transmission from a set of RBG sizes with nested patterns configured via RRC or MAC CE signalling.
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