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1 Introduction
In previous meetings, the followings were agreed on rate matching [1, 2].
RAN1#90 Agreements:
· A UE can be configured by RRC signaling with one or more resource set(s)
· The UE shall assume that the scheduled PDSCH is rate-matched around the resource set(s) when the scheduled PDSCH overlaps 

· FFS: exact configuration of a resource set including granularity.

RAN1#90 Agreements:
· A UE can be configured by UE-specific RRC signaling to identify resource set(s) for which the PDSCH may or may not be mapped based on the L1 signaling.
· For a scheduled PDSCH overlapping with given resource set(s), L1 signalling indicates whether the scheduled PDSCH is rate-matched around the resource set(s) or is mapped to the resources in the resource set(s).

· FFS: details of the L1 signaling 

· FFS: exact configuration of a resource set including granularity

RAN1#90 Agreements:
•   UE assumes a single periodicity i.e., SS burst set periodicity, for all SS/PBCH blocks for a cell
–  At least for rate matching purpose, the single periodicity value is configured for the serving cell separately from SMTC. Otherwise the default periodicity, 5 ms, is assumed
–  Note: UE is not expected to perform rate matching based on SMTC
RAN1-NR#3 Agreements:
· For rate matching purpose

· For UE specific PDSCH and UE specific CORESET

· If the UE has received no bitmap through RRC signalling, the UE assumes SS/PBCH block transmission according to the signalling in RMSI 

· If the UE has received a bitmap through RRC signalling, the UE assumes SS/PBCH block transmission according to the bitmap in RRC based signalling 

· For PDSCH carrying RMSI and the corresponding PDCCH CORESET, the UE assumes that no SS block is transmitted in the allocated resources

· Working assumption: For other channels, the UE assumes SS/PBCH block transmission according to the signalling in RMSI

· FFS: Confirm for each channel

· The signalling in RMSI is only for the associated SS/PBCH block

· FFS: Other uses of the signalled SS/PBCH block indication in RMSI and/or RRC
RAN1-NR#3 Agreement:
· RMR(s) for PDSCH resource mapping includes CSI-RS REs at least.

RAN1-NR#3 Working assumption:

· Re-use NR DL RA Type 0 basis in units of 6 RBs, where no restriction on the maximum number of segments for a given CORESET.

This contribution discusses on rate matching.
2 Discussions on rate matching
2.1 General description
As a baseline, PDSCH/PUSCH resource allocation (RA) field is likely to indicate rectangular regions similarly to the LTE RA, and other channels/signals (including reserved resources) overlapping with the allocated PDSCH/PUSCH may be indicated to be rate matched around. 

Following LTE principles, PDSCH/PUSCH transmissions to a UE need to be rate matched relative to preconfigured channels/signals transmissions to the UE. These channels/signals include:

· DL/UL DMRS and PTRS provided for facilitating channel estimation for the current PDSCH/PUSCH

· CSI-RS indicated to be used for channel/interference measurement

· Activated (or actually transmitted) SS blocks 

· CORESET(s) carrying the PDCCH for the UE

· SRS

· PUCCH (particularly ‘short’ PUCCH)
Proposal 1: PDSCH/PUSCH transmissions to a UE are rate-matched in resources used for transmissions to/from the UE of DL/UL DMRS, PTRS, PDCCH, PUCCH, SRS, and activated SS blocks. 
There are also those resources that cannot be used for PDSCH/PUSCH transmissions to/from a UE and are not used for transmissions to/from the UE of other channels/signals. These resources include: 

· Reserved resources for forward compatibility or LTE-NR coexistence; 

· RS transmissions to/from other UEs; 

· CORESET(s) that do not carry PDCCHs for the UE but may or may not carry PDCCHs for other UEs;

· PUCCH resources (particularly for ‘short’ PUCCH) or SRS resources, particularly for dynamic transmissions, that may or may not be used by other UEs

· SS blocks in non-anchor BWPs

It is necessary to indicate these resources to a scheduled UE. One way is to semi-statically indicate these resources. For this reason, it was agreed that one or more resource sets (RESETs) can be configured by RRC signalling (even though the agreement only captures the use case of PDSCH rate matching, it can be generally extended to PUSCH rate matching case). This approach may be OK for some of those channels/signals that occur periodically, such as SS blocks in non-anchor BWPs, CORESET for other UEs, periodic CSI-RS, SRS, PUCCH for CSI, etc. 

For the use case of LTE-NR co-existence, it was proposed to introduce a bitmap signalling to rate match around the LTE CRS REs. However, bitmap signalling does not seem to be necessary as the rate matching around LTE CRS can be supported by ZP-CSI-RS configuration, because the one-port CSI-RS pattern adopted for BM in RAN1-NR-AH#2 can represent LTE CRS RE mapping pattern.  

Proposal 2: Support semi-static indication of resources for rate matching of PDSCH/PUSCH transmissions, including resources for periodic CSI-RS, SRS, PUCCH and for activated SS blocks.

· Note: LTE CRS indication for the rate matching purpose can be fulfilled by NR ZP-CSI-RS. 

In general, however, some signals/channels can be semi-statically indicated to potentially occupy respective resources but the actual use of the configured resources for transmissions of such signals/channels is dynamically determined. These resources include CORESETs, aperiodic CSI-RS, reserved resources, etc. If a UE has to always rate match around these resources regardless of their actual usage, large inefficiencies can be introduced in the network throughput. Dynamic signalling can be considered to inform UEs which of these semi-statically configured resources to rate match around. The benefits of semi-persistent signalling is not very clear, as dynamic signalling is always applicable in those places in which the semi-persistent signalling is applicable. 

Regarding rate matching around CORESETs, relevant discussions are happening in the control session and the semi-static configuration and dynamic indication of these resources via group-common PDCCH or UE-specific PDCCH are being considered. Regarding rate matching around aperiodic CSI-RS, a baseline approach could be the LTE eFD-MIMO aperiodic CSI-RS indication which also involves semi-static configuration and dynamic indication. Reserved resources can be handled in a similar manner. 

The signalling overhead is an important consideration as a number of semi-statically configured rate-matching resources can be large. One approach is to indicate all possible combinations of different resources (e.g., via joint or separate bitmaps); this approach provides full flexibility to a network and can be prioritized. One potential drawback for indicating each possible resource for rate matching is the signalling overhead and a bitmap can become potentially too large to include in a UE-specific DCI. This dynamic signalling overhead issue can be resolved if a group common DCI is used particularly since the rate matching information can be common to UEs. A special group common DCI can be introduced for this purpose [3] and such a DCI has already been agreed for pre-emption indication which is fundamentally similar (although not exactly same) to rate matching. Other benefits for using a group common DCI over a UE-specific DCI include the multi-slot scheduling case. When UE is scheduled across multiple slots, the UE may not be able to get sufficient rate matching information in the multi-slot scheduling DCI for the later slots, both because of a linearly increasing DCI payload and because, unless scheduler restrictions are imposed, the scheduling decision for the later slot will be made in the later slot. If only UE-specific DCI indicates the rate matching information, the UE will have to assume the worst case for the later slots or assume same information for all slots (scheduler restrictions) which introduces inefficiency. 

Proposal 3: Support dynamic indication of semi-statically configured resources for PDSCH/PUSCH transmissions to rate match around. 

· These resources include CORESETs, aperiodic CSI-RS, reserved resources, etc. 

· For the dynamic indication, UE-group common signalling is used.

2.2 Some details on PDSCH/PUSCH rate matching

Rate matching around SS block
At least for rate matching purpose, actual SS block transmission can be indicated by either UE-specific RRC signalling or RMSI signalling. Regarding the way of rate matching around SS block, three options as shown in Figure 1(a) are captured in our companion contribution [4]:

Alt 1) Rate match around the REs in SS block OFDM symbols

Alt 2) Rate match around the PBCH BW in SS block OFDM symbols

Alt 3) Rate match around the whole SS block OFDM symbols

In case of Alt 1, more REs will be available in PSS/SSS OFDM symbols than PBCH OFDM symbols for PDSCH than Alt 2. Between Alt 1 and Alt 2, Alt 2 is preferred to ensure good performance of PSS/SSS detection. When Alt 2 is used, the network can apply power boosting for PSS/SSS with pulling the unused power in the rest of REs in the PBCH BW. It is also noticed that Alt 1 increases UE implementation complexity to deal with different combination of SCS values for FDM’ed SSB and data. The issue can be seen in Figure 1(b). When the PDSCH SCS is smaller (e.g., 15kHz or 120kHz) than the SSB numerology (30kHz or 240kHz), the REs in left-over BW of PSS/SSS cannot be easily used for PDSCH mapping. 

Alt 3 can be useful when the UE need to perform Rx beam sweeping in SS block OFDM symbols. 
Considering the pros and cons of the alternatives, we propose that the gNB can configure rate match BW around the SS block between Alt 2 and Alt 3.
In RAN4#84, intra-frequency measurement gap was agreed to be supported in NR, at least for the two use cases. 
(1) To allow UE Rx beam sweeping; and 
(2) Inter-BWP measurement when SSB does not present in the active BWP.
Intra-frequency measurement gap is also agreed to be configurable, so that the network can minimize the service interruption/throughput loss owing to the measurement gap. 

On the other hand, according to RAN1#90 agreements about SSB periodicity, UE may assume different periodicities for the SSB rate matching and the SSB reception (i.e., SMTC periodicity). If the periodicity configured for the rate matching is shorter than the periodicity configured for mobility, some SSB window duration is only configured for the rate matching as shown in Figure 1(c). In those SSB window durations not belonging to SMTC window durations, UE is not required to perform mobility measurement. Hence, the intra-frequency measurement gap, if configured, should only be applicable to SMTC window durations. 

In order to minimize service interruption and throughput loss, the network may want to operate systems without configuring the intra-frequency measurement gap. This may be feasible if UE can perform measurement and data reception in TDM or FDM manner in the SSB window. For sub6GHz system both TDM and FDM are applicable, but for over6GHz system in which UE Rx beam sweeping is applied, only TDM seems to be a viable option. In addition, the TDM option is only applicable when the network is synchronized. If neighbour cells have different timing than the serving cell, even the TDM option is not viable, and it is likely that the network should configure intra-frequency measurement gap. 

As PDSCH rate matching around SS block is closely related to initial-access & mobility procedures, it is recommended to treat the issues in the mobility agenda. More details can be found in a companion contribution [4]. 
Proposal 4: It is recommended to treat the SSB rate matching issue in the mobility agenda. 
Proposal 5: How to rate match around actual transmitted SS block can be RRC configured to the UE between:

· Opt 1: Rate match around the PBCH BW in SS block OFDM symbols (Alt 2 in Figure 1(a))
· Opt 2: Rate match around the SS block OFDM symbols (Alt 3 in Figure 1(a))
The SSB rate matching configuration is applicable in SSB sets not belonging to the SMTC window durations. The SSB rate matching configuration may be overridden to Opt 2 in the SMTC window durations, if UE is allowed to receive PDSCH in the SMTC window durations (i.e., if intra-frequency measurement gap is not configured). 
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(a) Three alternatives for PDSCH rate matching around SS block
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(b) Illustration of UE implementation complexity related to Alt 1
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Figure 1. Three aspects related to PDSCH rate matching around SS blocks
Rate matching around RS
In LTE, for PDSCH rate matching around CSI-RS, semi-static configuration of ZP-CSI-RS is supported and DCI dynamically indicates whether the CSI-RS are actually transmitted or not. Although exact location of CSI-RS in NR is still discussing, the possible locations of CSI-RS REs are going to be much more variable compared to LTE. Also, there are several additionally introduced RSs in NR such as PTRS and TRS. To support rate matching around REs where potentially transmitted RSs, at least RE-level granularity for RESET configuration should be supported. To make signalling more efficient, details on signalling should be further studied.
Proposal 6: RE-level granularity for RESET configuration for RSs (such as CSI-RS, PTRS, SRS, etc.) is supported.
Rate matching around CORESET
A UE can be configured by RRC signaling with resource sets (RESETs) corresponding to the CORESETs for the UE and the other UEs. Figure 2 shows examples of RRC signaling. 
In Alt 1, whole time/frequency resources can be divided into several time/frequency RESETs based on the pre-defined granularity. A symbol-level granularity in time domain and a multi-RBG-level granularity in frequency domain may be preferred for optimizing a signaling/efficiency tradeoff. The time/frequency resources which include at least one of CORESETs are configured to the UE. In the example, RESET#1, RESET#2, RESET#3 can be configured. This kind of coarse time/frequency indication can minimize signaling. However, a lot of loss in resource utilization efficiency is expected especially for mini-slot CORESET like CORESET#3 in Figure 2.

To support tighter multiplexing between PDCCH and PDSCH, finer resource set configuration can be considered as shown Alt 2. All of CORESETs within a region of interest can be configured as RESETs for PDSCH rate matching. In Alt 2, already known CORESETs (e.g. own CORESETs) do not need to be configured again, instead only other UE’s CORESETs can be informed to the UE. The time and frequency granularity for RESET configuration may be same with that for CORESET configuration. For example, the frequency domain granularity can be 6 RBs if the working assumption on RA for CORESET in the previous meeting is confirmed. The time domain granularity would be basically symbol-level. In addition, periodicity of the CORESET can be utilized to configure it as RESET. It has a benefit to minimize signaling overhead for configuring mini-slot CORESET.
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Figure 2. Two alternatives of RESETs configurations
Proposal 7: Symbol-level time domain granularity for RESET at least for CORESET is supported. The periodicity of each of RESET also can be configured.

Proposal 8: Multiple PRB-level frequency domain granularity for RESET at least for CORESET is supported. Whether 6 PRBs are used or not is FFS.
A UE can be configured by UE-specific RRC signalling to RESETs for which the PDSCH may or may not be mapped based on the L1 signalling. One possible alternative for L1 signalling is UE-specific DCI. At a cost of high signaling overhead, the resource sharing flexibility can be maximized by using UE-specific DCI. In addition, since it is typical to expect the ideal case for DCI-level resource sharing, DCI bits can often be transmitted unnecessarily even in case DCI-level resource sharing is not possible. Some additional restrictions of UE-specific DCI include resource utilization for multi-slot scheduling (without imposing scheduler restrictions or always assuming ‘worse case’ scenario that may lead to different BLER for TBs transmitted in different slots) and the further increased overhead from a potential need to indicate additional resources for rate matching such as for CSI-RS and possible for dynamic SRS or short PUCCH transmissions in DL-centric slots.
In order to avoid increasing the size of UE-specific DCIs to provide UE-group common information, particularly as they are likely to be materially larger than UE-specific DCIs in LTE, and to address the other aforementioned potential shortcomings, group-common DCI can be used for dynamic signaling. The group-common DCI is a good alternative since CORESETs in the system bandwidth commonly influence rate matching of PDSCHs for multiple UEs.
It is noted that a requirement from a UE to detect both group-common DCI and UE-specific DCI to receive a PDSCH is not expected to have a material impact as group-common DCI can have a small size and target low SINR UEs (i.e. for most UEs, detection reliability of group-common DCI will be much better than for UE-specific DCI). In general, due to correlated interference/fading in a CORESET for a UE, when the UE fails to detect the group-common DCI, it is practically certain that the UE also fails to detect the UE-specific DCI. An impact on system throughput is negligible while more signaling flexibility and reduced overhead is achieved over including UE-group common information in UE-specific DCIs.
Based on the above observations, it is preferred that group-common DCI is supported for dynamic indication of resource sharing 

Proposal 9: Group-common DCI is supported for dynamic indication of PDSCH rate matching around CORESETs. FFS for the need to also enable a use of UE-specific DCI.
Rate matching around PUCCH
To determine whether short PUCCH resources used in a slot need to be indicated for PUSCH rate matching, the tradeoff between DL signaling overhead and resource savings, on average, needs to be considered. If the network does not support a use of short PUCCH for multi-bit HARQ-ACK transmissions, it is preferable to have only semi-static configuration of short PUCCH resources; otherwise, dynamic indication similar to the indication of CORESETs can be considered using similar mechanisms. Then, higher layer signaling can indicate sets of PRBs for short PUCCH transmission and configurable dynamic signaling by UL DCI and/or group-common DCI can be used to indicate which of the sets of PRBs are used (or not used) in a given slot. For the same reason with the case of rate matching around CORESET, group-common DCI is more preferred than UL DCI for dynamic signaling.
More details on PUSCH rate matching around PUCCH can be found in [5].

Rate matching around reserved resources

In NR, data transmission duration can be variable ranging from 1 OFDM symbol to multiple slots. Similar to MBSFN configuration in LTE, eMBB and eMBMS can be multiplexed in the time domain. In this case, certain eMBB UEs that cannot receive eMBMS service do not need to monitor slots configured for eMBMS services. In general, when certain UEs do not need to or cannot receive/transmit certain services/signals in a slot, those UEs do not need to monitor slots configured for services/signals of no interest. 
In case of dynamic TDD and at least for coexistence with LTE TDD, when a UE does not receive an UL grant in a slot configured for UL transmissions, the UE can skip monitoring DL control channels during those UL slots in order to reduce battery consumption and avoid false-positive DCI decodings. Therefore, in order to allow dynamic UE sleep operation at the level of slot for reduced battery consumption and overall operational robustness, time resource granularity for reserved resources where UEs do not need to monitor DL control channels should be supported at least in the slot level (e.g. similar to non-BL/CE subframes in LTE eMTC). 
In addition, it was agreed that both MBSFN subframes and non-MBSFN subframes are supported for NR transmissions in case of LTE-NR coexistence. To avoid NR operations in resources with LTE channels/signals such as CRS/PDCCH/SIB1/PSS/SSS/PBCH, certain OFDM symbols corresponding to the resources can be indicated as reserved resources to NR UEs. In this case, reserved resources should be signaled with a granularity of an OFDM symbol. Taking into account these use cases of reserved resource, time resource granularity in a slot or an OFDM symbol level can be supported.
Proposal 10: The time domain granularity for RESET configuration corresponding to reserved resource for the purposed of LTE-NR coexistence or forward compatibility should support at least symbol-level.
Regarding the frequency domain granularity, considering LTE-NR coexistence or multiplexing of different verticals in a frequency domain, frequency resource granularity for reserved resources should support at least a PRB or multiple PRBs. Considering future use cases for forward compatibility (e.g. introduction of new RSs), support for finer granularity, such as RE-level, can also be considered.
Proposal 11: The frequency domain granularity for RESET configuration corresponding to reserved resource for the purposed of LTE-NR coexistence or forward compatibility should support at least PRB-level.
It was agreed that RRC signaling is used to indicate reserved resources. RRC signaling itself can be cell-specific and UE-specific. When certain resources need to be reserved by a gNB, a cell-specific RRC signaling is beneficial if those reserved resources need to be configured to all UEs in a cell or those reserved resources need to be known to UEs before RRC connection (e.g. if RA and paging related resources need to be reserved). On the other hand, a UE-specific RRC signaling would be beneficial if the reserved resources need to be configured to specific UEs not all UEs in a cell (e.g. separate resource reservation per vertical such as eMBB, URLLC and mMTC or resource reservation per a UE to be rate-matched around like CORESET /SRS/PUCCH for other UEs). Therefore, as RRC signaling to indicate reserved resources, both cell-specific and UE-specific RRC signaling can be introduced for NR.

Proposal 12: Both cell-specific and UE-specific RRC signaling are supported for RESET configuration corresponding to reserved resource for the purposed of LTE-NR coexistence or forward compatibility.
3 Conclusion
This contribution discussed PDSCH/PUSCH rate matching and following proposals were captured.
Proposal 1: PDSCH/PUSCH transmissions to a UE are rate-matched in resources used for transmissions to/from the UE of DL/UL DMRS, PTRS, PDCCH, PUCCH, SRS, and activated SS blocks. 
Proposal 2: Support semi-static indication of resources for rate matching of PDSCH/PUSCH transmissions, including resources for periodic CSI-RS, SRS, PUCCH and for activated SS blocks.

· Note: LTE CRS indication for the rate matching purpose can be fulfilled by NR ZP-CSI-RS. 

Proposal 3: Support dynamic indication of semi-statically configured resources for PDSCH/PUSCH transmissions to rate match around. 

· These resources include CORESETs, aperiodic CSI-RS, reserved resources, etc. 

· For the dynamic indication, UE-group common signalling is used.

Proposal 4: It is recommended to treat the SSB rate matching issue in the mobility agenda. 

Proposal 5: How to rate match around actual transmitted SS block can be RRC configured to the UE between:

· Opt 1: Rate match around the PBCH BW in SS block OFDM symbols (Alt 2 in Figure 1(a))
· Opt 2: Rate match around the SS block OFDM symbols (Alt 3 in Figure 1(a))

The SSB rate matching configuration is applicable in SSB sets not belonging to the SMTC window durations. The SSB rate matching configuration may be overridden to Opt 2 in the SMTC window durations, if UE is allowed to receive PDSCH in the SMTC window durations (i.e., if intra-frequency measurement gap is not configured). 
Proposal 6: RE-level granularity for RESET configuration for RSs (such as CSI-RS, PTRS, SRS, etc.) is supported.
Proposal 7: Symbol-level time domain granularity for RESET at least for CORESET is supported. The periodicity of each of RESET also can be configured.

Proposal 8: Multiple PRB-level frequency domain granularity for RESET at least for CORESET is supported. Whether 6 PRBs are used or not is FFS.

Proposal 9: Group-common DCI is supported for dynamic indication of PDSCH rate matching around CORESETs. FFS for the need to also enable a use of UE-specific DCI.
Proposal 10: The time domain granularity for RESET configuration corresponding to reserved resource for the purposed of LTE-NR coexistence or forward compatibility should support at least symbol-level.
Proposal 11: The frequency domain granularity for RESET configuration corresponding to reserved resource for the purposed of LTE-NR coexistence or forward compatibility should support at least PRB-level.
Proposal 12: Both cell-specific and UE-specific RRC signaling are supported for RESET configuration corresponding to reserved resource for the purposed of LTE-NR coexistence or forward compatibility.
References
[1] RAN1 Chairman’s notes, 3GPP TSG RAN WG1 Meeting#90
[2] RAN1 Chairman’s notes, 3GPP TSG RAN WG1 Meeting NR#3
[3] R1-1717643, “On UE-Group Common PDCCH”, Samsung
[4] R1-1717583, “Remaining Issues on the NR Mobility ”, Samsung
[5] R1-1717660, “Multiplexing PUSCH with Short PUCCH or SRS”, Samsung
Page 7





PSS
PBCH
SSS
PBCH
PSS
PBCH
SSS
PBCH
PSS
PBCH
SSS
PBCH
PDSCH
PDSCH
…
…
…
…
…
…
Alt 1
Alt 2
Alt 3





RESET#1
RESET#2
RESET#3
RESET#1
RESET#2
RESET#3
Alt 1
Alt 2

CORESET#1
CORESET#2
CORESET#3



_1568364618.vsd
SSB-Periodicity-Mobility


SSB-periodicity-Rate-Matching


SSB set used for mobility measurements


SSB set to rate match



