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Discussion
The aspects related to resource reservation have been discussed during the SI of NR targeting future compatibility. This could also include the possibility to operate in a coexistence scenario with LTE-MTC or NB-IoT which we address in [1]. Further, in RAN1#90, the following clarification was made as a working assumption on the usage of reserved resources.
Working assumption:
·  ‘Unknown’ resource is ‘flexible’ and can be overridden by at least by DCI indication; ‘Unknown’ is used to achieve the (FFS: exactly/approximately) the same as ‘Reserved’ if not overridden.
· ‘Unknown’ is signalled at least by SFI in a group-common PDCCH
· FFS: Possibility of overridden by some types of RRC (e.g., measurement configuration)
· ‘Reserved’ resource is ‘not transmit’ and ‘not receive’ but cannot be overridden by DCI/SFI indication.
· ‘Reserved’ is signalled at least by RRC
· FFS: handling of ‘gap’
· For semi-static DL/UL transmission direction, ‘Unknown’ can be informed as part of the semi-static configuration.
In this contribution, we discuss in general how to construct a generic framework for NR to allow for future extensions of NR with the use of reserved resources. 
Reserved resources
It has already been decided that NR should support reserved resources as a tool to enable general forward compatibility. A reserved resource is a set of NR resource elements configured to not be transmitted in an NR cell, thus making it possible to use these resources for transmissions introduced in later releases without breaking backwards compatibility. Whether the reserved resources should be punctured or rate matched around would depend on what the specific signal channel is. For data channels such as PDSCH and PUSCH the least performance impact is achieved if they are rate matched around the reserved resources. This is independent of whether the resources are individual REs or if they are in PRBs. This can also be said about the control channels for NR, i.e. PDCCH and PUCCH. For the reference signals, however such as CSI-RS, SRS, DM-RS, etc. it would be preferred to instead puncture the corresponding reference signals. 
Another aspect to consider is that certain signals and channels will have difficulties to rate match around reserved resources. That is the signals and channels used for initial access, i.e. PSS, SSS, PBCH, PDCCH for RMSI, and PDSCH used for RMSI. These signals and channel need to handle this in another way instead. There are basically two different approaches. The first being that these channels are configured so as to avoid positions where any new intended signal/channel is going to be placed. The second approach is to puncture them with any new signal or channel. The puncturing approach will only work if the puncturing is insignificant. In both cases, however this is handled by the network given that it has sufficient configuration flexibility. In terms of reserved resources, they should however not be affected so the reserved resources puncture the PSS, SSS, PBCH, PDCCH for RMSI, and PDSCH used for RMSI.
Observation
· PSS, SSS, PBCH, PDCCH for RMSI and PDSCH for RMSI can handle reserved resources by the network configuring them in a non-overlapping location or via puncturing by any future signal or channel
The next aspect is what the UE should assume about reserved resources. For this to be future compatible, the UE can for example not conduct measurements on reserved resources as this will directly lead to an assumption on the resources. Hence the UE should not make any assumption about whether the reserved resources are utilized or not and about the PSD level on them
Proposal
· Reserved resources are configured via RRC signaling.
· When the UE is configured with reserved resources, the UE assumes that 
· PDSCH, PUSCH, PDCCH and PUCCH are rate matched around reserved resources. 
· Reference signals are punctured by reserved resources
· The UE does not make any assumption about what is located on the reserved resources
An important aspect is how the signaling of the reserved resources should be done. For forward compatibility reasons, the signaling needs to be flexible enough to be able to handle a diverse and unknown set of use cases. There are further use cases most likely which would require complete PRBs to be reserved in frequency domain and at least a set of slots in time. Further there could be other use cases that would require RE level type of resource reservation. For both approaches the extension in frequency domain needs to cover the full UE bandwidth. Further in time domain it needs to cover sufficient number of slots, keeping in mind that not all use cases completely rely on periodic and repetitive resources per slot or similar time granularity. A solution that may look tempting to start with is an RE level granularity allocation for the resource reservation. This would however require quite a lot of signaling and may therefore not be so practical. 
Given the above discussion there are potentially three different approaches to further consider here. The first being that the resources are reserved on a PRB and slot level. The PRB and slot level resources may further be different in different slots. In the time domain, a resource reservation of around 40 slots or so is at least most likely needed. Depending on the numerology that is operated, the time domain allocation could be even larger. This is a rather high level estimate although it would give a good basis for doing the resource reservation.
Another way would be to reserve resources in terms of a single OFDM symbol and/or a continuous time/frequency block of a certain size as a fundamental unit. For forward compatibility aspects, it is important the signaling is flexible enough but at the same time leaves enough room to expand the use cases of NR in the future without severely impacting NR terminals in the field. From these aspects, at least resources in the size of PRBs in frequency domain should be configurable and in groups of OFDM symbols in time. Further there would be need to be able to indicate different reserved resources in different occasions in time and consequently it would be good that the signaling could be provided for each slot within a sufficiently large number of slots and this aspect is similar as in the first approach. 
The third possibility is that the resource reservation is in terms of RE within a PRB and a slot. This reservation setup can be on a PRB basis which can then be replicated in frequency domain over individual PRBs or not. To limit the signaling here as this will result rather high overhead a possibility would be to limit the numbers of REs to be reserved within a resource spanning one PRB in frequency domain and one slot in time domain to a given number for example 32 REs. Similar with the above two options the time domain allocation would be needed to be sufficiently large.
A potential is to support two of these schemes to give a bit more flexibility for the future and by that being more forward compatible.
Proposal
· Define resource reservation pattern based on slot level allocation
· At least 40 slots should be possible to be able to be individually configured whether they are reserved.
· Study further specifically which resource reservation pattern is supported within a slot considering that we should have sufficient flexibility for future deployments
[bookmark: _GoBack]A final aspect to discuss is how the resource reservation is configured. Given that there is not a common UE bandwidth, resource reservation would be needed to be done together with the BW part configurations. However,  an initial resource reservation for the BW used in the beginning when accessing the cell can be provided in RMSI or SIB. Further the resource reservation needs to be differently configured in UL and DL as the corresponding signals and channel may be different.
Proposal
· Resource reservation corresponding to the bandwidth used during initial access can be provided in RMSI or SIB
· Resource reservation is configured differently for UL and DL

Conclusion
In this contribution, we discuss how to reserve resource mainly targeting future compatibility of NR. Based on the discussion in the paper we make the following observation and proposals: 
· Observation
· Impact of reserved resources on PSS, SSS, PBCH, PDCCH for RMSI and PDSCH for RMSI can be handled by the network by either configuring them in non-overlapping locations or via puncturing by any future signal or channel
· Proposal 1
· Reserved resources are configured via RRC signaling.
· When the UE is configured with reserved resources, the UE assumes that 
· PDSCH, PUSCH, PDCCH and PUCCH are rate matched around the reserved resources. 
· Reference signals are punctured by reserved resources
· The UE does not make any assumption about what is located on the reserved resources
· Resource reservation is configured differently for UL and DL
· Proposal 2
· Define resource reservation pattern based on slot level allocation
· At least 40 slots should be possible to be able to be individually configured whether they are reserved.
· Study further specifically which resource reservation pattern is supported within a slot considering that we should have sufficient flexibility for future deployments
· Proposal 3
· Resource reservation corresponding to the bandwidth used during initial access can be provided in RMSI or SIB

Reserve resources could also be utilized to enable the possibility to operate in a coex scenario with LTE-MTC or NB-IoT. This additional aspect is discussed in the paper [1].
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