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1. Introduction

At RAN1 NR Adhoc#2 meeting, there were following agreements on frequency domain resource allocations [1]. In this contribution, further details on DL/UL frequency resource allocation aspects are discussed.

	Agreements:
· In frequency-domain, for PUSCH with DFT-s-OFDM waveform in NR, contiguous resource allocation scheme based on LTE UL RA Type 0 is adopted in Rel. 15.

· FFS:

· A coarser granularity (i.e. more than 1RB) of resource assignment in order to reduce the overhead further  

· BW parts

· In frequency-domain, for PDSCH in NR, a resource allocation scheme based on LTE DL RA Type 2 is supported in Rel. 15.

· FFS:

· A coarser granularity (i.e. more than 1RB) of resource assignment in order to reduce the overhead further  

· BW parts

· In frequency-domain, for PUSCH with CP-OFDM waveform in NR, contiguous resource allocation scheme based on LTE UL RA Type 0 is supported in Rel. 15

· FFS:

· A coarser granularity (i.e. more than 1RB) of resource assignment in order to reduce the overhead further  

· BW parts

· A DCI format with resource allocation based on LTE DL RA type 0 (i.e., bit-map) is supported for PDSCH.

· A DCI format with resource allocation based on LTE DL RA type 0 (i.e., bit-map) is supported for PUSCH with CP-OFDM waveform.

· A DCI format with resource allocation based on LTE DL RA type 2 is supported for PDSCH.

· A DCI format with resource allocation based on LTE UL RA type 0 is supported for PUSCH with CP-OFDM waveform and with DFT-s-OFDM waveform.

· FFS: some or all of the above DCI formats have the same DCI payload size.

Agreements:
· For PDSCH/PUSCH, the RBG size/number can be changed along with the change of the BWP used for resource allocation.

· FFS: If one or multiple of following option(s) is/are also used for RBG size/number determination:

· Opt. 1: Semi-statically configured size of Type0 RA bitmap. 

· Number and size of RBGs for a RA is determined based on size of BWP and the size of the bitmap.

· Opt. 2: Semi-statically configured RBG size(s) per BWP for deriving number of RBGs.

· Number of RBGs in the BWP is determined by size of the BWP and the configured/indicated RBG size(s). 

· FFS: Dynamic switching of RBG size(s). 

· Opt. 3: DCI format/DCI format size (e.g. a compact DCI may be with a larger RBG size than a normal DCI).

· Opt. 4: Transmission durations (e.g. a shorter-duration transmission may be with a larger RBG size than a longer one).

· Opt. 5: RBG size is determined depending on the size of the BWP.
· Other options are not precluded.
Agreements:
· Common PRB indexing is supported

· The indexing is common to all the UEs sharing a wideband CC from network perspective, regardless of whether they are NB, CA, or WB UEs. 

· The indexing is with respect to the reference point

· The indexing is with respect to a given numerology

· Note: Example usage of common PRB indexing is for scheduling group common PDSCH, RS sequences, BWP configuration, etc.

· UE-specific PRB indexing is supported

· It is indexed per BWP with respect to the configured SCS for the BWP

· Note: Example usage of UE-specific indexing is for scheduling UE-specific PDSCH


2. Resource Allocation Aspects
The resource allocation types mentioned in TS214 are used for discussion in this contribution.

· RA Type 0: the RB assignment information includes a bitmap indicating the RBGs that are allocated to the scheduled UE where a RBG is a set of P consecutive PRBs and it can be one of the values among {2, 4, 8, 16}. 
· RA Type 1: the RB assignment information indicates to a scheduled UE a set of contiguously allocated virtual resource blocks. The resource allocation field consists of a resource indication value (RIV) corresponding to a starting RB and a length in terms of contiguously allocated virtual resource blocks. 

RA Type 0 – RBG based RA

The RBG size determination basically needs to consider the tradeoff of scheduling granularity and signalling overhead. Given a configured BWP and associated numerology, the number of RBs can be determined, and the RBG size can be determined by the number of RBs in the configured BW part based on a pre-defined mapping table. With the current agreed set of RBG size including 2, 4, 8, and 16, the number of signalling bits considering a RB number of 275 RBs with 3300 used subcarriers, 18 bits can be used to indicate the resource allocations with RBG size of 16. 

For slot based data transmission, the BWP dependent RBG size determination can be the baseline. However, when considering that various transmission durations are supported in the NR, e.g., from 1 symbol to 14 symbols, it is also beneficial to further scale the RBG size based on the potential data transmission duration. For example for short duration transmission, such as 1 or 2 symbols, the small RBG size such as 2 is not reasonable because the number of available REs is very limited. Therefore, the RBG size can depend on the transmission duration either implicitly or explicitly. For instance, when a short transmission is supported, a wider BW can be allocated to the user. In such cases, bigger RBG sizes may be used for efficient resource allocation with reduced signaling overhead. Since the candidate transmission duration may be implicitly determined or configured, e.g., slot level or symbol level, it is possible that the RBG size can be determined by the candidate transmission durations. Therefore, there can a default RBG size which can be determined by the BWP size and/or transmission duration. 

To allow more flexibility of adjusting the scheduling granularity, the RBG size can be configured by gNB, i.e., Option 2. Given a number of RBs (N) in a BWP, the optimal resource indication is to indicate the RBGs with RBG size (P) by using a bitmap length of ceil(N/P). In Option 1, the indication of RBG bitmap length (L) may result in a RBG size of ceil(N/L) which is suboptimal due to that the power of 2 difference between two close RBG sizes. It may result in unnecessary bit waste. Therefore, if configured, it is preferred that the RBG size(s) can be directly configured. 

Proposal 1: For determining RBG size, support the following options 
· Default RBG size determined by BWP size and candidate transmission duration.
· The RBG size(s) can be configured per BWP (Option 2).
More than one RBG sizes can be configured to allow dynamic scheduling granularity. For different RBG sizes, it is expected there is at least two times difference in terms of required signalling bits to allow per-RBG indication, considering that the current RBG size is power of 2. The resulting DCI size may be different and therefor may require blind DCI detection at the UE side, which is not desirable. To maintain the same DCI size, one may think to use an indication filed of RBG size in the DCI, and make equal length by align the number of signalling bits with the large RBG size case or smaller RBG size case. So the benefit of dynamic scheduling granularity comes at the cost of extra signaling overhead and potentially limited indication for some RBG size cases. Depending on the number of RBG sizes to be indicated, the tradeoff needs to be further investigated. It is noted that dynamic scheduling granularity can also be achieved by some other ways, e.g., via different RA types. 

Proposal 2: Further investigate the dynamic switching of RBG sizes, considering the tradeoff or dynamic scheduling granularity switching and extra signaling overhead.

RA Type 1 – RIV based RA

The RA Type 1 does not support arbitrary RB allocations but only frequency contiguous allocations, and the number of required signaling bits is generally less compared to RA Type 0. This can be used for robust broadcast transmission or a ‘fallback’ DCI. In a more compact manner, the scheduling granularity can be increased to more than one RB (e.g., like LTE DCI format 1C) to further reduce the signaling overhead. In addition, this can be considered for URLLC case which in general not only requires compact DCI with limited signaling overhead but also reliable control and data transmissions. Similarly, it is expected that URLLC may only occupy a small number of symbols due to the latency requirement, e.g., 1 or 2 symbols, the scheduling granularity in the frequency domain can be further increased, which not only keeps a reasonable scheduling unit size but also reduces the signaling overhead. The granularity of 2 RBs, 4 RBs, 8 RBs (power of 2) can be considered, which gives 2 bits difference in terms of required signalling bits, and provides good tradeoff between scheduling granularity and signalling overhead. 

Proposal 3: Support the coarse granularity (more than 1 RB) in RA Type1. The granularity of power of 2 RBs is preferred. 
For small RB allocations which do not inherently benefit from frequency diversity, frequency hopping is beneficial to exploit frequency diversity. Considering the DMRS overhead, it was agreed that intra-slot frequency hopping is at least support for 14 symbol slot case. For the frequency hopping pattern in the frequency domain, the sub-band based frequency hopping or pre-define hopping pattern can be considered. In addition, it is necessary to consider how to decide the hopping symbol position. A simple way is to hop in the middle of a slot, which is common to all UEs and make ease of resource allocation and scheduling. However, the PUSCH transmission in NR may not occupy the full slot and the transmission location can be flexible. Assuming the same DMRS pattern in two hopped resource parts, the hopping in the middle position could be a better way to achieve balance of frequency diversity and channel estimation accuracy. Therefore, it may be beneficial that the hopping position is in the middle of the actual time resource allocation. 
Proposal 4: For intra-slot frequency hopping, consider the following options to determine the hopping position in the time domain:

· Opt. 1: Pre-defined symbol position in the slot
· Opt. 2: Symbol position determined by the number of allocated data symbols in the slot

· Opt.3: Symbol position determined based on gNB configuration
Distributed VRB assignment

For RA type 1, two types of VRB assignments called localized VRB assignments and distributed VRB assignments, respectively were specified in LTE by using 1 bit flag in DCI. VRB is directly mapped to PRB in localized mapping, while VRB is mapped with interleaving to PRB in distributed mapping. The distributed VRB assignment was introduced to provide frequency diversity for the traffic which is with small packet size such as voice so that data cannot be distributed in frequency domain if large RBG size is configured. Also, it can be used when a scheduler cannot acquire accurate channel state information due to a high mobility UE. For the same reason, it is needed to consider that distributed VRB allocation is adopted in NR. To apply it to NR, some aspects should be taken into account since BWP concept is newly introduced in NR. If common interleaving is used over wide CC like LTE, UE which is activated by small BWP may not receive some PRBs located outside the BWP due to the interleaving as shown in Figure 1. Therefore, interleaving for distributed VRB-to-PRB mapping should be confined within the active BWP. In other words, in NR, BWP-specific interleaving should be designed where BWP size/numerology, RBG size, and etc. are considered.
[image: image1.png]-4

L=

BWP for UEL

BWP for UE2

PRB

VRB




Figure 1: Common VRB-to-PRB interleaving issue considering BWP
Proposal 5: NR should consider distributed VRB allocation for RA type 1 like LTE. Distributed PRBs should be confined in the active BWP. Study is needed for BWP-specific interleaving design considering BWP size/numerology, RBG size, and etc.
3. PRB Indexing
Common PRB indexing

The open issues include the decisions about the numerology for the common PRB indexing, the reference point for common indexing and the associated indication.

It is preferable that common PRB indexing is based on numerology of SS block used for that carrier and assumed/found by UE during its initial access. Since different SS blocks may be found by different UE’s within wideband; it is preferred that all these SS blocks should have same numerology. This will also allow common PRB indexing to work well across the entire wideband carrier. 

The reference point – should be common across all SS blocks, else the indexing can go wrong if different SS blocks are used for this purpose as different UEs may find different SS block in wideband carrier. The reference point can be center of wideband carrier as it is easy for RS generation (as discussed later on in this contribution) and also better to account for all UEs which are spread across entire wideband carrier. 

This common location be indicated to the UE via 

· PBCH

· If needed for RMSI decoding; such as tracking RS mapping should be known

· Else if PDCCH DMRS is sufficient for RMSI decoding etc., then no need to be signaled via PBCH

· RMSI

· If needed for PRACH procedure such as PRACH region for Msg1 and for RAR decoding etc

· RAR decoding CORESET may be same as initial access and no more indication is needed

· If PRACH region is indicated as offset from RMSI location; no special indicated is needed in this case also.

· RRC Connection establishment
· CSI-RS mapping should be known; PDCCH (group-common control), BWP configuration are done only after this stage

· Since the real use for the indication seems to be necessary at this stage of connection procedure, it seems enough to be provided to UE at this stage. 

· Via RRC signaling
· Can be changed in online manner based on number of UEs by the gNB for load balancing across the wideband carrier

· Signaling is supported in a semi-static manner to UE
Hence, the reference point can be at first indicated to the UE at the RRC connection establishment stage and further if any changes are deemed necessary by the gNB can be indicated via UE specific signaling. 

Proposal 6: The reference point for common PRB indexing can be indicated to the UE via RRC signaling.
RS sequence generation

For the case of RS generation, PRB indexing impacts UE multiplexing. In LTE, the reference signal generation starts from RB 0 and is done until NRBmax,DL which covers the full system BW (which is also the UE BW). 

However, an NR UE BW may be much less than the system BW. Unlike WB UE, NB UE may not know the WB configuration of the wideband NR carrier. The following options are identified for the case of RS generation, scrambling sequence design and related parameters. 

Since every RS is generated as a function of PRB index in LTE, RS sequence generation issue is closely related to PRB indexing issue. For example, CSI-RS sequence in LTE is generated as follows and is shown in Fig x (a):
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Where ns is slot number, c(i) is pseudo-random sequence, and l is OFDM symbol number. Note that m is PRB index number. In case of Scenario 1 described later, there may be no specification impact since all UEs have common PRB index and RS sequence is generated based on it. However, in other cases, since PRB index perceived by each UE is different, RS sequence sharing between UEs is impossible without additional signaling. Therefore, in order to share RS sequence, RS sequence generation should be changed. In this section, a fragmented RS sequence generation is introduced. Instead of using PRB index number m directly, m is used as an input variable for the defined sequence generator rl,ns(m) where m’=mMod(M). M is the number of PRBs of a fragmented RS sequence. Then, the fragmented RS sequence with the length of M PRBs is repeated over entire system BW as shown in Figure 2(b). It is beneficial that when signaling for PRB index number offset is needed to share RS sequence between UEs, the modulo operation can help to reduce the signaling overhead. 
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Figure 2: RS sequence generation for wider band operations
Therefore, if LTE mechanism is used as in Figure 2 (a), then a NB UE can choose the part of the sequence within its BW and then perform measurements. One potential implication is that the NB UE should know the entire system BW even though the NB UE would stay in a specific narrowband only. If the mechanism in Figure 2 (b) is used, then a narrowband UE can be used as reference for generating the RS sequence mapping for the entire BW. This narrowband can be the BW supported by all NR UE’s. However, in such a design it should be further studied how a UE’s whose BWP allocation falls across 2 such BW over which the narrowband RS sequence is repeated. Additionally, the following mechanisms may also be considered for RS generation a) from the center of the wideband carrier b) a default SS block location.

Proposal 7: Further analyze the pros and cons of the various RS sequence generation mechanisms from overhead, UE multiplexing and related issues perspective. 

UE specific PRB indexing

For PDSCH transmission, three types of resource allocation are specified in LTE. No matter which resource allocation type is chosen, it is carried out based on PRB index which is automatically decided by operating CC BW, e.g., 20MHz CC BW has 100 PRBs. In NR, however, there could be various candidates which can be a baseline of PRB indexing range such as WB CC, NB CC, and BWP. Hence, we provide our view below according to the candidates and discuss pros and cons regarding them. 

Scenario 1: PRB indexing per WB CC (Common PRB indexing)
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Figure 3: PRB indexing per WB CC
In this scenario, all UEs connected to gNB are allowed to have same PRB indexing regardless of their BW capability as shown in Figure 3. It seems to be the simplest way to resolve PRB indexing issue for wider bandwidth operations. All UEs know one PRB index based on WB CC so that RS sequence and RBG grid can be generated over the PRB index. However, there may be an unnecessary DCI overhead issue that even if a UE capable of only small BW is configured to narrow band CC and activated to narrower BWP, DCI length for the UE is the same as that of WB UE. Further, if VRB-to-PRB distributed mapping for type 2 is used, the UE cannot have PRBs confined in configured NB CC or activated BWP since all VRBs are randomly interleaved within WB CC. 

Observation 1: In scenario 1, PRB indexing per WB CC seems simple to design, but there might be DCI overhead issue and VRB-to-PRB distributed mapping issue.
Scenario 2: PRB indexing per configured CC
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Figure 4: PRB indexing per configured CC
In this scenario, each UE operates as a LTE UE on its configured CC. Compared to Scenario 1, DCI overhead can be reduced, but RS sequence generation between different CCs issue may arise. In addition, it still has VRB-to-PRB distributed mapping issue when activated BWP is smaller than the configured CC. 

Observation 2: In scenario 2, PRB indexing per configured CC has reduced DCI overhead compared to Scenario 1, but it causes RS sequence generation issue and VRB-to-PRB distributed mapping issue.
Scenario 3: PRB indexing per activated BW
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Figure 5: PRB indexing per activated BW part
In this scenario, whenever different BW part is activated to a UE, the UE is newly assigned to its PRB index. Then, there seems no DCI overhead issue as well as distributed mapping issue. However, if one CORESET serves multiple BWPs with different BW size like cross carrier scheduling, there could be a blind decoding overhead issue due to different DCI length caused by different size of BWPs. Also, RS sequence generation issue still remains.

Observation 3: In scenario 3, PRB indexing per activated BWP has no DCI overhead and VRB-to-PRB distributed mapping issue, but it has blind decoding overhead issue when one CORESET serves multiple BWPs. Also, RS sequence generation issue still remains.
UL Frequency resource allocation
a) When DFT-s-OFDM waveform is used, allocation within an active BWP must be ensured that the single carrier property is not lost. Further, as a baseline, when the DFT-s-OFDM waveform is used, the allocation can be restricted to one BW part unless the allocation across BW parts can be deemed to be contiguous. Such a restriction may not be needed for the case of CP-OFDM waveform. 
b) Similar to CSI measurements in DL, the UE will need to retune to different BW parts (of course, if the BW supported by the UE is less than full carrier BW) to send SRS and provide feedback in order for the gNB to be able to schedule the UE in the BW part. The retuning timeline must be considered for configuring the UE for UE specific SRS transmissions. Unlike LTE, this SRS transmission need not be full carrier BW. More details about SRS hopping across BWP is discussed in [2].
c) Similar to the DL BWP, the UL BWP may contain PUCCH and/or PUSCH as configured by the gNB. Depending on whether a BWP has both PUCCH and PUSCH configured and which waveform the UE is configured to use, the UE operations may further be studied. 
Proposal 8: For DFT-s-OFDM waveform, the UL allocation may be restricted to one BW part to preserve the single carrier property unless the activated BWPs are contiguous.
Proposal 9: Retuning timeline for the UE UL needs to be accounted for SRS transmissions in different BW parts.

4. Conclusions
This contribution discussed the DL/UL frequency resource allocation aspects and made the following proposes and observation:
Proposal 1: For determining RBG size, support the following options 
· Default RBG size determined by BWP size and candidate transmission duration.
· The RBG size(s) can be configured per BWP (Option 2).
Proposal 2: Further investigate the dynamic switching of RBG sizes, considering the tradeoff or dynamic scheduling granularity switching and extra signaling overhead.

Proposal 3: Support the coarse granularity (more than 1 RB) in RA Type1. The granularity of power of 2 RBs is preferred. 
Proposal 4: For intra-slot frequency hopping, consider the following options to determine the hopping position in the time domain:

· Opt. 1: Pre-defined symbol position in the slot
· Opt. 2: Symbol position determined by the number of allocated data symbols in the slot

· Opt.3: Symbol position determined based on gNB configuration
Proposal 5: NR should consider distributed VRB allocation for RA type 1 like LTE. Distributed PRBs should be confined in the active BWP. Study is needed for BWP-specific interleaving design considering BWP size/numerology, RBG size, and etc.
Proposal 6: The reference point for common PRB indexing can be indicated to the UE via RRC signaling.
Proposal 7: Further analyze the pros and cons of the various RS sequence generation mechanisms from overhead, UE multiplexing and related issues perspective. 

Proposal 8: For DFT-s-OFDM waveform, the UL allocation may be restricted to one BW part to preserve the single carrier property unless the activated BWPs are contiguous.

Proposal 9: Retuning timeline for the UE UL needs to be accounted for SRS transmissions in different BW parts.

Observation 1: In scenario 1, PRB indexing per WB CC seems simple to design, but there might be DCI overhead issue and VRB-to-PRB distributed mapping issue.
Observation 2: In scenario 2, PRB indexing per configured CC has reduced DCI overhead compared to Scenario 1, but it causes RS sequence generation issue and VRB-to-PRB distributed mapping issue.
Observation 3: In scenario 3, PRB indexing per activated BWP has no DCI overhead and VRB-to-PRB distributed mapping issue, but it has blind decoding overhead issue when one CORESET serves multiple BWPs. Also, RS sequence generation issue still remains.
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