Page 4
Draft prETS 300 ???: Month YYYY
[bookmark: _Hlk489988649]3GPP TSG-RAN WG1 90bis	R1-1718522
Prague, Czech Republic, 9th – 13, October  2017

Source:	Ericsson
Title:	On matching transmissions to available resources
Agenda Item:	7.3.5
Document for:	Discussion and Decision
[bookmark: _Ref178064866]Discussion
Already at an early point of 3GPP NR discussion, the concept of “reserved resources” as a tool for forward compatibility was agreed. The concept of reserved resources for forward compatibility implies that a UE is configured with a set of resources on which the UE should assume no downlink transmission (downlink reserved resources), alternatively on which the UE should not transmit (uplink reserved resources) even though it is configured/scheduled for reception (downlink) or transmission (uplink) on the corresponding resources. In other words, the corresponding resources are configured to be unavailable regardless of any other configuration and/or any scheduling assignments/grants provided to the UE
More recently, similar functionality has been proposed as a tool to enhance LTE/NR spectrum co-existence [1][footnoteRef:1]. According to the proposal in [1], an NR UE operating in spectrum shared with LTE can be configured such that transmissions avoid resources used for specific LTE physical signals including LTE CRS, LTE PSS/SSS and LTE SRS. In other words, the corresponding resources are configured as unavailable regardless of any other configuration and/or any scheduling assignments/grants provided to the UE. It can be noted that this functionality is very similar to the very basic functionality of NR PDSCH/PUSCH transmissions avoiding resources used for transmission of specific NR physical signals such as SS block, CSI-RS and SRS. [1:  We include NB-IoT under the term LTE.] 

It has recently also been suggested that other functionality, such as the possibility for PDSCH transmission to dynamically use alternatively avoid downlink resources on which CORESETs are configured, could be seen as a similar functionality. It has therefore been suggested that these different functionalities should be addressed by a single “rate-matching” concept.
To summarize, at least the following scenarios share at least some common characteristic, namely the configurable unavailability (at least for PDSCH/PUSCH transmission) of a subset of the resources configured/scheduled for transmission:
1. Certain resources are unavailable because they are semi-statically reserved for specific NR downlink or uplink physical signals such as SSBlock, CSI-RS and SRS.
2. Certain resources are unavailable because they are configured as “reserved resources for forward compatibility”
3. In an LTE/NR co-existence scenario, certain resources are unavailable because they are semi-statically reserved for specific LTE downlink or uplink physical signals 
4. Downlink resources corresponding to configured CORESETS may be available/non-available depending to the instantaneous transmission status of PDCCH.
Although these scenarios share some characteristic they also differ in several respects
· The different scenarios differ in terms of whether the unavailability of resources is semi-static (at least scenario 1 and 3) or will vary dynamically (at least scenario 4). 
· The different scenarios differ in terms of the structure of the unavailable set of resources
· For scenario 1 and 3 an unavailable resource set will have an RE-level structure given by the structure of the signal for which the unavailable resource set is reserved (NR SS Block, CSI-RS, SRS, etc in case of scenario 1, LTE SSS/PSS, CSI-RS, SRS, etc. in case of scenario 3
· For scenario 4, an unavailable resource set should have a structure matching the structure of NR CORESETs
· For scenario 2 and unavailable resource set should have a flexible structure to enable good matching to future still unknown needs. 
· The different scenarios may differ in what way the UE is provided with the structure of the set of unavailable resources. 
· For scenario 1 and 3, the structure of an unavailable resource set can be indirectly provided by providing the UE with the configuration of the physical signal for which the resource set is intended to be used
· For scenario 4, the structure of an unavailable resource set can be indirectly provided, by providing the UE with the configuration of the corresponding CORESET(s)
· For scenario 2, the structure of an unavailable resource set must be explicitly signaled
Once again, it can be observed that scenario 1 and 3 are indeed very similar.  The difference is that, for scenario 1, resources are unavailable due to them being reserved for NR-internal physical signals while, for scenario 3, resources are unavailable due to them being reserved for LTE physical signals. Support for scenario 3 should thus not provide any substantial additional UE complexity. Based on this, we believe that support for scenario 3, is well justified.
Proposal 1:	An NR device operating in spectrum shared by LTE can be configured with resource sets specifically matching, on an RE-level, specific semi-static LTE downlink and uplink physical signals. The NR UE should avoid such resources in the same way as an NR UE would avoid resources used by different NR physical signals. 

In general, there are two alternatives in terms of how to avoid transmission in unavailable resources.
· Rate matching: 
The unavailable resources are not included when rate matching the coded transport block(s) to the assigned physical resource. The rate-matched physical channel, after data modulation and precoding, can then be directly mapped to the assigned resource not including the unavailable resources
· Puncturing:
The unavailable resources are included when rate matching the coded transport block(s) to the physical resource. The rate matched physical channel is then mapped to the assigned set of resources with the unavailable resources being punctured. 
Some observations:
· The rate matching approach is preferred from a performance point-of-view, although the difference in performance should small for low channel-coding rates. 
· Rate matching is only applicable to channel-coded physical channels. In contrast puncturing can also be applied for different types of physical signals if applicable 
· Downlink puncturing can be transparent to the UE, albeit with a negative impact on performance. This can be used, for example if there is a need to reserve resources corresponding to signals and channels used by a UE before it can be properly configured. 
Based on this, we propose the following for all scenarios above:
Proposal 2: 	In case of unavailable resources:
· PDSCH and PUSCH are rate matched around the unavailable resources
· Other physical channels and signals (if applicable) are punctured on the unavailable resources 
As discussed above, in scenario 1, 3, and 4, the unavailable resource set should have a structure matching different types of transmission 
· Scenario 1: The unavailable resource set should have a structure matching the corresponding NR physical signal
· Scenario 3: The unavailable resource set should have a structure matching the corresponding LTE physical signal
· Scenario 4: The unavailable resource set should have a structure matching NR CORESETs
Furthermore, in these cases, the specific structure of an unavailable resource set can be provided by providing the UE with the configuration of the transmission for which the unavailable resource is reserved
· Specific NR physical channels for scenario 1
· Specific LTE physical signals for scenario 2
· [bookmark: _GoBack]NR CORESETs for scenario 4
In contrast, for scenario 2 there is a need to configure sufficiently general patterns that are still reasonable to configure. We propose, for this scenario, the configuration of resources sets with a granularity of PRBs in the frequency domain and OFDM symbols in the time domain. Configuration could then be in terms of bitmaps covering bandwidth parts in the frequency domain and N [FFS] slots in the time domain.
Proposal 3: 	For the forward-compatibility scenario, it should be possible to configure unavailable resource sets 
· covering a BWP in the frequency domain
· covering N [FFS] slots in the time domain
· with a PBR-level frequency domain granularity 
· with a symbol-level time-domain granularity 

[bookmark: _In-sequence_SDU_delivery]Proposals
[bookmark: _Ref174151459][bookmark: _Ref189809556]
Proposal 1:	An NR device operating in spectrum shared by LTE can be configured with resource sets specifically matching, on an RE-level, specific semi-static LTE downlink and uplink physical signals. The NR UE should avoid such resources in the same way as an NR UE would avoid resources used by different NR physical signals. 
Proposal 2: 	In case of unavailable resources:
· PDSCH and PUSCH are rate matched around the unavailable resources
· Other physical channels and signals (if applicable) are punctured on the unavailable resources 
Proposal 3: 	For the forward-compatibility scenario, it should be possible to configure unavailable resource sets 
· Covering a BWP in the frequency domain
· Covering N [FFS] slots in the time domain
· With a PBR-level frequency domain granularity 
· With a symbol-level time-domain granularity 
· 
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