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1 Introduction
During the study item, at RAN1 #88bis, the following was agreed:
	Agreement:
· NR supports transmissions scheduled in LTE non-MBSFN subframes

· Mini-slots can be scheduled on OFDM symbols not carrying CRS 

· It is expected that NR scheduling and at least semi-statically reserved resources for forward compatibility can be used to avoid NR transmissions colliding with other LTE signals/channels (e.g., LTE PBCH/PSS/SSS, SIB1, LTE PDCCH region, etc.) 


In this contribution, we discuss the various alternatives that arise in accordance with the above agreement to facilitate efficient resource sharing of LTE and NR in overlapping spectrum.
2 Mini-slots in OFDM symbols not carrying CRS
As evident from the agreement, one possibility is to schedule mini-slots in OFDM symbols that do not carry CRS. However, the scheduling details and DMRS design of mini-slots are currently still under discussion, hence, the feasibility and efficiency of this solution cannot yet fully be assessed. In the following, we identify some open issues as well as potential problems with the current design.
The most straightforward way is to treat each mini-slot as one self-contained transmission comprising both the scheduling PDCCH as well as the scheduled PDSCH. PDCCH and PDSCH both require DMRS for demodulation and it has been agreed that PDCCH REGs are accompanied by its DMRS within the corresponding CORESET whereas for mini-slot based PDSCH transmissions the DMRS is on the first symbol of the PDSCH transmission. 
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Figure 1: Alternative 1 uses self-scheduled mini-slots
This is conceptually illustrated, omitting any details, in Figure 1. Per the agreed RRC parameter list, CORESET starting symbol, span, and monitoring periodicity can be configured such that alternative one is a possible configuration. However, alternative 1 puts a huge burden on the UE as there are up to four times more PDCCH occasions per slot, thereby significantly reducing micro sleep opportunities. Now zooming in on the details, since DMRS for PDSCH using mini-slots is agreed to be transmitted on the first PDSCH symbol, only strict TDM or FDM between PDCCH and PDSCH is possible as depicted in Figure 2 for a generic NR slot.
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Figure 2: Multiplexing of PDSCH and PDCCH using self-scheduled mini-slots
In other words, not only are all OFDM symbols carrying CRS unused; in addition, even symbols without CRS cannot be fully used because of the strict TDM/FDM of data and control in mini-slots. 

Some of the aforementioned problems can be addressed by cross-scheduling some of the mini-slots as shown in Figure 3.
[image: image3.png]LTE OFDM symbol with CRS LTE OFDM symbol without CRS NR OFDM symbol with CRS NR OFDM symbol without CRS [:I CORESET

A
I I I I T ] I I

Mini-slot  Mini-slot Mini-slot  Mini-slot Mini-slot  Mini-slot Mini-slot  Mini-slot





Figure 3: Alternative 1 uses self-scheduled mini-slots
Alternative 2, which cross-schedules at least some of the mini-slots in a slot, addresses the additional burden on the UE (the CORESET monitoring periodicity is the same as for slot based transmissions), however, the DMRS/PDCCH/PDSCH multiplexing issues persist as exemplified in Figure 4 for a generic NR slot. In particular, the problem that some resources even on OFDM symbols not carrying CRS remain unused still exists with cross-scheduled mini-slots. 
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Figure 4: Multiplexing of PDSCH and PDCCH using cross-scheduled mini-slots
Observation 1: Using mini-slots for LTE-NR coexistence puts a huge burden on the UE as there are up to four times more PDCCH occasions per slot, thereby significantly reducing micro sleep opportunities
Observation 2: Using mini-slots for LTE-NR coexistence leaves resources unused even on OFDM symbols not carrying CRS
3 Rate matching aspects of LTE-NR coexistence
Based on the above observations, the question arises whether we can use slot based transmissions even in normal LTE DL subframes to ease the burden on NR specifications and UE power consumption/complexity. It has already been agreed that the CORESET starting symbol and the CORESET span can be RRC configured.
	CORESET-freq-dom
	Frequency domain resources for the CORESET
	 

	CORESET-start-symb
	Starting OFDM symbol for the CORESET
	 

	CORESET-time-duration
	Contiguous time duration of the CORESET
	1,2,3

	CORESET-REG-bundle-size 
	38.211 clause 7.3.2.2
	2, 6

	CORESET-Trans-type
	Transmission type for the CORESET, it is either interleaved or non-interleaved
	interleaved, non-interleaved


Moreover, it has already been agreed that the gNB can inform a UE which control channel candidates are mapped to each subset of OFDM symbols in the control resource set.
	Agreement (RAN1 #87 in Reno, NV):
· When the control resource set spans multiple OFDM symbols, NR support a  control channel candidate to be mapped to multiple OFDM symbols or to a single OFDM symbol

· The gNB can inform UE which control channel candidates are mapped to each subset of OFDM symbols in the control resource set. FFS: details of the signaling (implicit or explicit)


With these agreements, and assuming resource sets can at least be configured with OFDM symbol granularity, either Option 1 or Option 2—illustrated in Figure 5 and Figure 6—can be configured to allow slot based transmissions even in normal LTE DL subframes. 
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Figure 5: Option 1 has CORESETs at the beginning of slot
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Figure 6: Option 2 has the CORESET configured with an offset
Note, however, that these configurations do not apply to the sharing scenarios where NR data and control use 30kHz subcarrier spacing as the possible agreed DMRS positions for slot based transmissions, namely, the 3rd and 4th OFDM symbol are occupied by LTE CRS. 
In this case, the network still has to revert to mini-slots for transmissions of any kind including RMSI, broadcast OSI, Msg.2 and Msg. 4 as well as all other unicast and broadcast transmissions [1]

 REF _Ref494715273 \r \h 
[2]

 REF _Ref494715274 \r \h 
[3].
A third option is to rate match around the CRS and to treat the NR slot in LTE normal DL subframes as a regular NR slot. This option is shown in Figure 7. Note that slot based NR DMRS would never collide with LTE CRS, however, NR PDCCH REGs and NR PDCCH DMRS would collide with CRS complicating NR system design. This, however, can be prevented by using the aforementioned mechanisms in conjunction with RE level rate matching around CRS. In particular, NR PDCCH and NR DMRS are confined to symbols three and four thereby avoiding collision with LTE CRS for all LTE antenna port configurations. When the number of LTE antenna ports is less than four, alternatively, the NR PDCCH can also span the second OFDM symbol whereas the NR DMRS could be on the third or fourth symbol depending on the CORESET span. Similarly, this configuration would only apply to the case where both LTE and NR use 15kHz subcarrier spacing whereas for NR with 30kHz subcarrier spacing for data and control, mini-slots are still needed for transmission of all NR channels and payloads. Two configurations of RE level rate matching with avoidance of any collision between PDCCH and DMRS are exemplified in Figure 8.
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Figure 7 : Option 3 is RE level rate matching
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Figure 8 : Option 4 is RE level rate matching with reserved resources for NR PDCCH 
Based on the above considerations we propose to agree on the proposed agreement from the offline discussions at RAN1 AH #3:
Proposal: Agree on the proposed agreement from the offline discussions at RAN1 AH #3 in Nagoya, JP:
· The RRC configured one or more resource-sets, for which the UE shall assume PDSCH being rate-matched around,  include at least these two types:
· Type 1: Resource sets covering multiple CORESETs or parts of a CORESET or other resource
· Resource sets configured by a first bitmap of RBs and a second bitmap of OFDM symbols for which the first bitmap apply 
· These resource sets can be RRC configured  to be part of or excluded from L1 signaling
· CORESET(s) configured to a UE for monitoring can be configured to become resource sets(s).
· These resource sets can be RRC configured  to be part of or excluded from L1 signaling
· Type 2: Resource sets corresponding to other resource than control resource including future compatible resource
· Resource sets configured by a first bitmap of length 12 corresponding to subcarriers within a PRB, a second bitmap of length 14 corresponding to OFDM symbols in a slot where the first bitmap apply, and a third bitmap of length NRB corresponding to the RBs where the first two bitmaps apply 
· Aperiodic NR CSI-RS(s) configured to a UE can be RRC configured to become resource set(s).
· These resource sets can be RRC configured  to be part of or excluded from L1 signaling
· Resources corresponding to LTE signals can be configured to become resource sets(s).
· FFS on other types of resource-sets
· FFS for  PUSCH
4 Conclusion

In this contribution, we discussed options that facilitate efficient resource sharing of LTE and NR in overlapping spectrum. Based on our analysis, we propose to agree on the proposed agreement from the offline discussions at RAN1 AH #3:

Proposal: Agree on the proposed agreement from the offline discussions at RAN1 AH #3 in Nagoya, JP:
· The RRC configured one or more resource-sets, for which the UE shall assume PDSCH being rate-matched around,  include at least these two types:
· Type 1: Resource sets covering multiple CORESETs or parts of a CORESET or other resource
· Resource sets configured by a first bitmap of RBs and a second bitmap of OFDM symbols for which the first bitmap apply 
· These resource sets can be RRC configured  to be part of or excluded from L1 signaling
· CORESET(s) configured to a UE for monitoring can be configured to become resource sets(s).
· These resource sets can be RRC configured  to be part of or excluded from L1 signaling
· Type 2: Resource sets corresponding to other resource than control resource including future compatible resource
· Resource sets configured by a first bitmap of length 12 corresponding to subcarriers within a PRB, a second bitmap of length 14 corresponding to OFDM symbols in a slot where the first bitmap apply, and a third bitmap of length NRB corresponding to the RBs where the first two bitmaps apply 
· Aperiodic NR CSI-RS(s) configured to a UE can be RRC configured to become resource set(s).
· These resource sets can be RRC configured  to be part of or excluded from L1 signaling
· Resources corresponding to LTE signals can be configured to become resource sets(s).
· FFS on other types of resource-sets
· FFS for  PUSCH
5 References
[1] R1-1718379, Remaining details of RMSI delivery, AT&T
[2] R1-1718380, Remaining details of OSI delivery, AT&T

[3] R1-1718381, Remaining details of RACH Procedure and RACH Configuration, AT&T
(





(





(





(





(





(





(





(





(








