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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
Rate matching pattern, also called reserved resource is introduced in NR Rel-15. It is commonly understood that rate matching pattern is an effective and efficient mechanism to support co-existence between NR and LTE. Particularly, a single PRB can be reserved within a NR bandwidth to deploy a NB-IoT carrier. Then, NR and LTE can be co-existed in a high spectral efficient manner which is also a requirement in TR 38.913 [1]. 
In RAN1#90bis, the mechanism of PDSCH rate matching pattern with RB symbol level granularity was agreed to cover future/backward compatible resource, which results in specification of subclause 5.1.4.1 of TS 38.214 [2].
	Agreements:
· On the RB-symbol level, UE can be configured with one or multiple DL resource set(s), each resource set configuration includes a first bitmap of RB granularity and a second bitmap of OFDM symbols within a slot for which the first bitmap applies (i.e. the intersection of two bitmaps). 
· These resource set(s) can be identified as resource sets(s) for which the PDSCH is or is not mapped based on the L1 signalling.
· FFS whether or not the presence of the information field to indicate the resource set is RRC configurable – conclude by Friday
· FFS whether a resource set is applicable in every slot or not (e.g., via a periodic configuration, etc.)
· Conclude by Friday whether or not there is RRC impact
· FFS the case of one DCI scheduling multi-slot transmission
· Note: covers future/backward compatible resource, parts of CORESETs, multiple CORESETs
· FFS L1 signaling is GC PDCCH or scheduling DCI
· CORESET(s) configured to a UE for monitoring can be included in resource set(s)
· If included, the entire COREST is assumed for rate matching when applicable
· These resource set(s) can be identified as resource sets(s) for which the PDSCH is or is not mapped based on the L1 signalling.
FFS the configuration details of rate matching for semi-static case (w/o L1 signalling)



However, in the latest version of TS 38.214 [2], the following statement is written in Subclause 5.1.4. 
	A UE is not expected to handle the case where PDSCH DM-RS REs are overlapping, even partially, with any RE(s) not available for PDSCH.


[bookmark: _GoBack]Notice that, such unavailable REs include REs indicated by rate matching patterns and SSB. In RAN1#96 meeting, the following conclusion was made to preclude a case as shown in [3][4] (and shown also in Figure 4 of this paper). However, the conclusion is still unclear regarding the conditions for DMRS colliding with unavailable PDSCH resources.
	Conclusion:
· It is commonly understood that a gNB shall NOT configure/schedule a PDSCH where its DMRS would be colliding, even partially, with any RE(s) not available for PDSCH.


In this contribution, we discuss the issue on valid PDSCH scheduling conditions where rate matching (RM) patterns overlap with PDSCH DMRS REs. Two alternatives are provided for clarification and down-selections.
[bookmark: _Ref129681832]Discussion 
Regarding the conditions of “collision between PDSCH DMRS REs and REs not available for PDSCH”, two alternatives can be as follows:
· Alternative 1: PDSCH DMRS REs indicated by the frequency domain resource assignment field in a DCI are always transmitted and not overlapping with any RM pattern. 
· Alternative 2: Only for available PDSCH PRB allocated by both DCI and RM patterns, its DMRS REs are transmitted. If transmitted, no overlapping with any RM pattern.
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Alt. 1										Alt. 2
Figure 1 Illustrations of Alt. 1 (Left) and Alt. 2 (Right)
As illustrated in Figure 1, a UE is scheduled with contiguous PRBs for PDSCH (in green) which cover unavailable PRBs indicated by RM patterns (in black) so that the valid PDSCH PRBs (in green) are separated at two ends. With Alt. 1, the DMRS REs (in blue) are always transmitted for both available and unavailable PDSCH PRBs. On the other hand, with Alt. 2, the DMRS REs (in blue) are only transmitted for available PDSCH PRBs but not for unavailable PDSCH PRBs. 
For Alternative 1, to avoid any collision between DMRS and RM pattern, a gNB is restricted with only two choices left. The first one is that a serving cell may never be configured with any RM pattern overlapping with either front-loaded DMRS or additional DMRS symbols. However, this prevents the gNB from supporting some cases of LTE-NR coexistence, e.g. in-band NB-IoT/eMTC within NR bandwidth where its RM pattern has to null out some PRBs at front-loaded and additional DMRS symbols. Similarly, it does also prevent the gNB from supporting forward-compatibility completely. More importantly, the RM pattern indicated by SSB locations can be inevitably overlapping with either front-loaded DMRS or additional DMRS, e.g. SSB location patterns Case A and C. The second choice is that a gNB never schedule contiguous PDSCH PRBs overlapping with any RM patterns. To be specific, when resource allocation type 1 is applied, only the PRBs on one side of the reserved PRBs can be scheduled for NR PDSCH as depicted in Figure 2, and thus at most half of the PRBs may not be schedulable simultaneously for a UE when the center PRBs within the bandwidth part is configured for rate matching or SSB. In this case, obviously, PDSCH scheduling indicated with full bandwidth PRBs and resource allocation type 1 for a UE is impossible. Furthermore, when resource allocation type 0 is applied, the resource block group (RBG) that overlaps with the rate matching pattern shall not be scheduled as shown in Figure 3. However, the RBG size is constant once the bandwidth part size is determined according to subclause 5.1.2.2.1 of TS 38.214 [2], e.g. 16 PRBs per RBG is applied when the bandwidth part size is larger than 144 PRBs. As shown in Figure 3, it requires 3 RBGs to cover a SSB and RM pattern of 20-PRB in width, which costs additional 28 PRBs wasted.
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Figure 2. Illustration of Alternative 1 with resource allocation type 1
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Figure 3. Illustration of Alternative 1 with resource allocation type 0
On the other hand, for Alternative 2, there is no such above restrictions for scheduling with resource allocation type 0/1, which results in maximum peak downlink throughput for a UE. It also supports forward/backward compatibility better than Alternative 1. Additionally, the case, as shown in Figure 4, which has been precluded by previous conclusion is still prevented by Alternative 2 because for those green PRBs on the right hand of red unavailable resource blocks, their front-loaded DMRS REs are expected to be transmitted but overlapped with unavailable resource blocks. It is worth mentioning that there is no difference between Alternative 1 and Alternative 2 when PRG is determined as “wideband” as in subclause 5.1.2.3 of TS 38.214. In this case, the UE assumes that contiguous PRBs are scheduled for PDSCH where DM-RS REs are always transmitted, i.e. those DM-RS REs are not overlapping with any RM pattern.
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Figure 4. Illustration of a case precluded by both Alternative 1 and 2
Therefore, regarding the conditions of a collision between PDSCH DMRS REs and rate-matching patterns, we propose to confirm either Alternative 1 or Alternative 2 in Rel-15. Two example CRs for both alternatives are also provided as attachments for discussions, respectively.
Proposal: RAN1 confirms either Alternative 1 or Alternative 2
· Alternative 1: PDSCH DMRS REs indicated by the frequency domain resource assignment field in a DCI are always transmitted and not overlapping with any RM pattern.
· Alternative 2: Only for available PDSCH PRB allocated by both DCI and RM patterns, its DMRS REs are transmitted. If transmitted, no overlapping with any RM pattern.
Conclusions
In this contribution, clarification on PDSCH scheduling conditions with rate matching pattern overlapping with PDSCH DMRS symbols is discussed. Two example CRs are attached for discussions. The following is proposed:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal: RAN1 confirms either Alternative 1 or Alternative 2
· Alternative 1: PDSCH DMRS REs indicated by the frequency domain resource assignment field in a DCI are always transmitted and not overlapping with any RM pattern.
· Alternative 2: Only for available PDSCH PRB allocated by both DCI and RM patterns, its DMRS REs are transmitted. If transmitted, no overlapping with any RM pattern.
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