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Introduction
[bookmark: _GoBack]In this contribution, we discuss several aspects related to DL/UL resource allocation in NR. For the first case, we consider a VRB-to-PRB mapping which can provide additional frequency diversity, which can be particularly beneficial in wideband cases. For the second case, we consider the TB size determination in light of the flexibilities provided in NR as well as the channel coding schemes which have been adopted. For the third part, we discuss further considerations needed for slot aggregation.
This contribution is a modification upon earlier submissions of R1-1716428 and R1-1716433 from last RAN1 NR AdHoc #3.
VRB-to-PRB mapping
Background
Support for frequency diversity, especially when available for wideband systems and wideband devices, is an important aspect which can be enabled as part of the resource allocation mechanisms. For instance, in RAN1 #89, the following agreement was made to provide frequency diversity on PUSCH.

Agreements:
· For DFT-s-OFDM based NR-PUSCH transmission, contiguous RB allocation with/without frequency hopping are supported
· At least intra-slot frequency hopping is supported for 14 symbol slot case
· FFS on detailed resource allocation
· FFS on detailed frequency hopping for PUSCH

In RAN1 #90, the following agreement was reached regarding control channel structure and interleaving to provide frequency diversity.

Agreements:
· For interleaving CORESET, the interleaving pattern is derived by the CORESET configuration and is not dependent on other CORESET configuration.
· Note: 
· Following metrics can be considered
· Good frequency distribution of REG bundles within the CORESET
· Blocking probability for potential overlapped CORESET(s)
· Inter-cell/inter-TRP interference randomization

From the above, it is clear that resource allocations for physical channels should consider the benefits from frequency diversity. Moreover, with the appropriate virtual RB to physical RB mappings, such mappings can be introduced in the case of the data channel of both the uplink and the downlink. This can benefit both wideband contiguous allocations as well as frequency hopped narrowband allocations in NR.
Discussion
The mapping from virtual RBs (VRBs) to physical RBs (PRBs) was introduced in LTE to allow for downlink distributed transmissions in frequency domain in case of resource allocation type 2 and to split each resource-block pair such that two resources blocks are transmitted with a certain frequency gap in between (the latter can be seen as a frequency hopping on a slot basis in LTE). 
For NR, the VRB to PRB mapping should at least be used to provide additional frequency domain diversity to the transmitted codeblocks, which may be very beneficial at least in scenarios of large allocations and large MCS. Note that for PDCCH, interleaving has already been agreed to be supported in NR which to exploit, through interleaved CORESETs, the gains of additional frequency diversity.
In the MIMO AI in the previous meeting, it was agreed that only frequency first mapping is supported for the CP-OFDM PDSCH and PUSCH channels and that frequency domain interleaving during the codeword to layer mapping procedure is not supported in Rel-15. However, due to the lack of full frequency-domain interleaving during the codeword to layer mapping procedure, in scenarios of large spectral efficiency (e.g., SU-MIMO rank 2 and 4 with large MCS), a codeblock will only span a limited set of PRBs unless an interleaved VRB to PRB mapping is introduced in NR. To see this, it can be easily observed that one OFDM symbol in scenarios of peak throughput may carry up to 11 codeblocks, as shown in the Figures below. 
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Number of codeblocks per OFDM symbol for different MCS and rank 4 (top) to 1 (bottom)
Observation 1: Depending on the allocation, MCS and rank, the number of codeblocks for NR may be up to approximately 11 codeblocks per OFDM symbol.
Introducing an interleaved VRB to PRB mapping using a PRG-based step would allow codeblocks that occupy only a few RBs to be spread over a large allocation which may lead to very significant performance gains. As an example, in the next plot we present the TBLER performance of rank 4, 170 PRBs allocation with 64-QAM and 8/9 code-rate, and observe that around 3-4 dB of gains may be expected by introducing a 2-PRB-based interleaved VRB-to-PRB mapping in NR compared to the case of supporting only a localized VRB-to-PRB mapping. 
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Observation 2: In regimes of high spectral efficiency, an interleaved VRB-to-PRB mapping using a PRG-based granularity may provide multi-dB performance gains over a non-interleaved PRB mapping. 
Therefore, in NR two use cases should be supported as part of the VRB-to-PRB mapping. First, for narrowband allocations for UEs which can support a wideband (i.e., wide BWP configuration), the VRB-to-PRB mapping should be such that the precoded REs on adjacent PRGs in the VRB domain get mapped to distributed locations in the PRB domain. Second, for wideband allocations, the same VRB-to-PRB mapping should allow the distribution of multiple narrowband allocations in the VRB domain to be distributed and interleaved in the PRB domain, so that wideband allocations can benefit from the frequency domain diversity noted in the above observation.
Proposal 1: NR supports an interleaved VRB-to-PRB mapping on a PRG-based granularity for the PDSCH and PUSCH resource allocation with the following properties: (1) narrow-band allocations are distributed across the supported bandwidth with PRG-based granularity, and (2) wide-band allocations in which CBs spanning adjacently encoded REs in the VRB domain are distributed across the supported bandwidth in the PRB domain with the same PRG-based granularity.
TBS size determination
Background
In RAN1 #90, the following agreement was reached regarding TB Size determination:
Agreements:
· RAN1 strives for finding TBS determination by using a formula
· The formula has following as parameters:
· The number of layers the codeword is mapped onto
· Time/frequency resource the PDSCH/PUSCH is scheduled
· Opt.1: The total number of REs available for the PDSCH/PUSCH
· Opt.2: Reference number of REs per slot/mini-slot per PRB and the number of PRB(s) for carrying the PDSCH/PUSCH
· FFS: Details of reference number
· FFS: for the case of more than one slot
· Modulation order
· Coding rate
· RAN1 should also consider at least the following:
· Whether the system can work without ensuring to enable giving the knowledge for decoding the re-transmission without the knowledge of initial transmission
· Ensuring to enable the same TBS between initial transmission and re-transmission with the same/different number of PRBs or the same/different number of symbols in some cases
· Code-block segmentation
· TBS determination for specific packet sizes (e.g., VoIP, etc)
· TBS determination for specific services (e.g., URLLC, etc)
· Possibility of decoupling the coding rate and modulation order for some cases
· Note: Byte alignment is required
· Note: in addition to the formula, table(s) may be needed to determine the TBS value

Discussion
For the number of REs used to determine TBS for PDSCH/PUSCH, the two options are available in the agreement, repeated below.
Opt.1: The total number of REs available for the PDSCH/PUSCH
Opt.2: Reference number of REs per slot/mini-slot per PRB and the number of PRB(s) for carrying the PDSCH/PUSCH
Option 1 has the benefit of better coding rate accuracy as the TBS can be determined using the intended coding rate, subject some quantization error, while option 2 has the benefit of easier scheduler operation as the scheduler does not need to carefully plan the RB allocation and MCS combination to find a matching TBS for retransmission. Comparing these two, we consider the scheduler flexibility more important, as the retransmission capability is always needed, and the overhead affects the actual number of REs is typically quite dynamic, and it will be very hard for the scheduler to find the right MCS/RB allocation pairing to match the TBS to the original transmission. In order to partially fix the problem of variable number of REs per RB, we can make the reference number of REs per PRB configurable from a set of values, so the gNB can pick the proper value for better coding rate control.
[bookmark: p1]Proposal 2. For TBS determination for PDSCH/PUSCH, use a configurable reference number of REs available for PDSCH/PUSCH per RB.
For TBS determination, we will need to use
M – Modulation order from MCS
R – Coding rate from MCS
L – Number of spatial layers
N – Reference number of REs over all allocated RBs

Then the payload size can be 
P=floor(N×L×M×R)
Note that it was agreed that the TBS size will be byte aligned. Then TBS size can be determined as
TBS=floor(P/8)×8
Very fine TBS resolution may not be necessary, especially when the TBS size is large. 
Then we can define a quantization step size S, where S is a multiple of 8, and
TBS=floor(P/S)×S
Note that in order to achieve the effect that the TBS resolution is higher when TBS is larger, we can select S as a function of P and when P is larger, S is larger as well.
[bookmark: p2]Proposal 3. For TBS determination, TBS is computed as TBS=floor(P/S)×S, where P= floor(N×L×M×R), and M is modulation order from MCS, R is coding rate from MCS, L is number of spatial layers from DCI, and N is the reference number of REs used for PDSCH/PUSCH.
[bookmark: _Hlk492675808]For the slot aggregation use case, where the same TB is retransmitted in multiple slots potentially with different RVID, we need to determine which total number of REs is used. If we literally follow the agreement, the total number of REs over all slots will be used for the TBS calculation. However, this is obviously not the proper choice for coverage extension purpose. Instead, we should clarify that the agreement is not for slot aggregation use case, and for that use case, the total number of REs in one slot should be used in the TBS calculation. When there are multiple slots in the slot aggregation and potentially the number of REs for PDSCH/PUSCH can be different for each slot. We need to decide on which number of REs is used for TBS calculation. A few example choices can be, the number of REs in the first slot, the average number of REs in all slots, or the maximum/minimum number of REs in all slots. For simplicity, we propose to use the total number of REs in the first slot for the TBS calculation.
[bookmark: p21]Proposal 4. In slot aggregation case, the total number of REs in the first slot is used for TBS calculation.
TBS size has implication on the LDPC code base graph selection. Per the current agreement
For Rinit<=1/4, BG2 will always be used, no matter that TBS is.
For Rinit>1/4
· If TBS>3840, BG1 will be used
· If TBS<3840 
· If Rinit>2/3, use BG1
· If Rinit<=2/3, use BG2

This can be captured in the next figure.


Figure 1. BG determination as a function of Rinit and TBS
Here Rinit is the effective code rate at initial transmission of the transport block, taking into account: 

(a)    the nominal code rate, as signaled in or derived based on control information, where the control information is used to schedule the initial transmission of the transport block; and 
  FFS: details of how the nominal code rate is obtained from the control information 
(b)   LBRM (if applied) 

To determine nominal code rate, for simplicity, it can be directed mapped from MCS in the DCI. However, for slot aggregation case, the MCS typically indicates the modulation order and nominal coding rate for one slot. For slot aggregation, the same TB will be retransmitted in multiple slots, and the coding rate should consider the retransmissions.
[bookmark: p3]Proposal 5. Code rate derived from MCS is used as nominal code rate to determine base graph for LDPC code. For slot aggregation case, the code rate from MCS is further divided by the number of slots to compute the nominal code rate for base graph determination.
In LTE, retransmission with different MCS and resource allocations is supported when the resulting TBS is the same. We consider that as a useful feature to be supported in NR as well. But since we have two base graphs in NR, if the initial transmission and retransmissions end up with same TBS but different BG, the UE decoding will be wrong if the initial transmission grant was not received. To avoid such error case, gNB needs to make sure when scheduling, the retransmission can use different MCS and resource allocation with the same TBS size, but the implied base graph should be the same as the initial transmission. This is a gNB scheduling restriction. 
[bookmark: p4]Proposal 6. For retransmission, different MCS and resource allocation can be used as long as the resulting TBS is the same. However, the base graph should be maintained to be the same.
Slot aggregation
In the general sense, slot aggregation was agreed to be supported back in RAN1 #86bis:
Agreements:
· Slot aggregation is supported
· Data transmission can be scheduled to span one or multiple slots

There are basically two use cases to be further discussed here, the low rate use case and the high rate use case.
Low rate use cases
In the previous RAN1 NR AdHoc#3 meeting, the following agreement was reached.
Agreements:
· For grant-based DL or UL, transmissions where a TB spans multiple slots or mini-slots can be composed of repetitions of the TB
· The repetitions follow an RV sequence 
· FFS how the sequence is defined in specification
· FFS if there is one repetition of the TB per slot in the case of repetitions using mini-slots
· FFS for grant-based DL or UL transmissions, if a TB can span multiple slots without repetitions

For the low rate use case, we can compare the results of combining RVs generated from the circular buffer versus the case where a single RV is used to code across the aggregated slots. This is shown in the figure below. Here we see that for point provided, there is good overlap in performance. Note that all RVs (and combined sets of RVs) are subject to repetition when achieving nominal code rates below 1/3, since the LDPC basegraph used in this simulation was basegraph 1 with a minimum effective code rate of 1/3. For basegraph 2, the joint in the performance curves around R=1/3 can be reduced further since code rates of 1/5 are supported.
[image: ]
In the case of slot-based scheduling with IR HARQ, there is always one TB sent per slot. When there are retransmissions, then multiples slots have the same TB with redundancy versions, and the decoder recovers the TB by combining the RVs across the slots. By supporting IR HARQ, this allows the TB to be sent across multiple slots at a lower effective code rate. From an implementation standpoint, it is quite beneficial to re-use this framework to improve link budget with slot aggregation. In such a case, a set of slots would be aggregated by having RVs cycled through the slots for the same TB, without need for NAK to trigger the different RV transmissions. 
Observation 1: Supporting lower code rate through TB repetition provides good hardware re-use with IR-HARQ and negligible loss in performance.
Additionally, by employing a TB repetition, we have the benefit of self-decodability within each aggregated slot (or mini-slot) since the TB is self-contained within each slot. This can provide further robustness to the system which is not necessarily the case for low rate coding.
Observation 2: Supporting lower code rate through TB repetition provides better robustness for the system.
High rate use cases
In the alternative case, where the data rate with slot aggregation is the same as the peak rate, there can be complications TB sizes now scale up with the number of slots which can be aggregated. These larger TB sizes across the same number of HARQ processes provide no appreciable benefit, other than allowing for less ACK bits, although this use case is unclear since peak rate implies that the feedback link also supports a high data or control rate. One drawback of this, is that since a single acknowledgement is only available for an even larger TB, more data is subject to loss from burst interference. Additionally, for a given number of reference HARQ processes, this form of slot aggregation leads to a larger soft buffer dimensioning.
Proposal 1: For grant-based DL or UL transmissions, NR specification (at least for Release 15) does not support having a TB spanning multiple slots without repetitions. Every TB must be containable within a slot.
Finally, there is also the potential for a having a single TB per slot, but then having one scheduling grant indicate the transmission parameters for multiple TBs across multiple slots. It is unclear whether this needs to be supported, given there will be CORESET reuse for PDSCH and narrowband PDCCH allocation when operating at the peak rate. The overhead savings may not warrant the complexity.
Conclusions
On VRB to PRB mapping, we have the following observations and proposals:
Observation 1: Depending on the allocation, MCS and rank, the number of codeblocks for NR may be up to approximately 11 codeblocks per OFDM symbol.
Observation 2: In regimes of high spectral efficiency, an interleaved VRB-to-PRB mapping using a PRG-based granularity may provide multi-dB performance gains over a non-interleaved PRB mapping. 
Proposal 1: NR supports an interleaved VRB-to-PRB mapping on a PRG-based granularity for the PDSCH and PUSCH resource allocation with the following properties: (1) narrow-band allocations are distributed across the supported bandwidth with PRG-based granularity, and (2) wide-band allocations in which CBs spanning adjacently encoded REs in the VRB domain are distributed across the supported bandwidth in the PRB domain with the same PRG-based granularity.
On TBS determination, we have the following proposals:
Proposal 2. For TBS determination for PDSCH/PUSCH, use a configurable reference number of REs available for PDSCH/PUSCH per RB.
Proposal 3. For TBS determination, TBS is computed as TBS=floor(P/S)×S, where P= floor(N×L×M×R), and M is modulation order from MCS, R is coding rate from MCS, L is number of spatial layers from DCI, and N is the reference number of REs used for PDSCH/PUSCH.
Proposal 4. In slot aggregation case, the total number of REs in the first slot is used for TBS calculation.
Proposal 5. Code rate derived from MCS is used as nominal code rate to determine base graph for LDPC code. For slot aggregation case, the code rate from MCS is further divided by the number of slots to compute the nominal code rate for base graph determination.
Proposal 6. For retransmission, different MCS and resource allocation can be used as long as the resulting TBS is the same. However, the base graph should be maintained to be the same. 
On Slot aggregation, we have the following observations and proposals:
Proposal 1: For grant-based DL or UL transmissions, NR specification (at least for Release 15) does not support having a TB spanning multiple slots without repetitions. Every TB must be containable within a slot.
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