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Relation of the NR DM-RS shifting to mbsfn-SubframeConfigList of the lte-CRS-ToMatchAround
For LTE, it is known that CRS is not present on some of the symbols of MBSFN subframes. 
For the purpose of dynamic spectrum sharing of NR and LTE on the same frequency resources, the handling of CRS for rate matching has been adjusted to this aspect.
	<< Text excerpt from 38.214 >>
[bookmark: _Toc11352095]5.1.4.2	PDSCH resource mapping with RE level granularity
A UE may be configured with any of the following higher layer parameters indicating REs declared as not available for PDSCH:
-	lte-CRS-ToMatchAround in ServingCellConfig or ServingCellConfigCommon configuring common RS, in 15 kHz subcarrier spacing applicable only to 15 kHz subcarrier spacing PDSCH, of one LTE carrier in a serving cell. The configuration contains v-Shift consisting of LTE-CRS-vshift(s), nrofCRS-Ports consisting of LTE-CRS antenna ports 1, 2 or 4 ports, carrierFreqDL representing the LTE carrier centre subcarrier location determined by offset from (reference) point A, carrierBandwidthDL representing the LTE carrier bandwidth, and may also configure mbsfn-SubframeConfigList representing MBSFN subframe configuration. A UE determines the CRS position within the slot according to Subclause 6.10.1.2 in [15, TS 36.211], where slot corresponds to LTE subframe.



However, in the case of NR DMRS avoiding collision with LTE CRS, the same dynamic behavior dependent on mbsfn-SubframeConfigList is not necessarily needed and would provide more complexity for a non-critical optimization.
More specifically, having the DMRS shift per subframe depending on MBSFN would be more complicated for timeline since the pipelining of processing for channel estimation, demodulation, and decoding, would have different start times depending on the location of the last DMRS. Recall that the PDSCH processing time in 38.214 Table 5.3.1 has a value of N1,0 which becomes relaxed when the last DMRS occurs later because of the presence of LTE-CRS, and this value was intended to be maintained following semi-static configuration, as shown below in agreement:
	Working Assumption
For PDSCH mapping Type A, when lte-CRS-ToMatchAround is configured and dmrs-AdditionalPosition=’pos1’, and single-symbol DMRS, and if any DMRS symbol and any symbol containing common RS as indicated by lte-CRS-ToMatchAround is the same:  
· then the DM-RS positions for PDSCH duration (as measured from the beginning of the slot) of 13 and 14 are l0,12 instead of the default l0 , 11. The PDSCH processing time in Table 5.3-1 is increased from 13  to 14 in this case
· l0=3
This feature is UE optional



Therefore, the text regarding the DMRS procedure in 38.211 should be interpretted such that DMRS location is shifted only due to the LTE-CRS configuration, because if the higher layer parameter mbsfn-SubframeConfigList is configured such that there would be at least one sub-frame for which LTE-CRS collision, then all DMRS are shifted to keep the timeline operation at the UE semi-statically controlled as per previous agreement. This is also consistent with the text highlighted below, where “any” indicates consideration across all subframes.
	<< Text excerpt from 38.211 >>
[bookmark: _Toc11324560]7.4.1.1.2	Mapping to physical resources
…

The position(s) of the DM-RS symbols is given by  and duration  where
-	for PDSCH mapping type A,  is the duration is between the first OFDM symbol of the slot and the last OFDM symbol of the scheduled PDSCH resources in the slot 
-	for PDSCH mapping type B,  is the duration is the number of OFDM symbols of the scheduled PDSCH resources
[bookmark: _Hlk512350165]and according to Tables 7.4.1.1.2-3 and 7.4.1.1.2-4. The case dmrs-AdditionalPosition equals to 'pos3' is only supported when dmrs-TypeA-Position is equal to 'pos2'. For PDSCH mapping type A,  and  symbols in Tables 7.4.1.1.2-3 and 7.4.1.1.2-4 respectively is only applicable when dmrs-TypeA-Position is equal to 'pos2'. For PDSCH mapping Type A single-symbol DM-RS,  except if all of the following conditions are fulfilled in which case :
-	the higher-layer parameter lte-CRS-ToMatchAround is configured and any PDSCH DM-RS symbol conincides with any symbol containing LTE cell-specific reference signals as indicated by the higher-layer parameter lte-CRS-ToMatchAround; and
-	the higher-layer parameters dmrs-AdditionalPosition is equal to 'pos1' and ; and
-	the UE has indicated it is capable of additionalDMRS-DL-Alt



Observation 1: The DM-RS procedure in 38.211 should be interpretted such that DM-RS location is shifted only due to the LTE-CRS configuration, because if the higher layer parameter mbsfn-SubframeConfigList is configured such that there would be at least one sub-frame for which LTE-CRS collision is happening, then all DM-RS are shifted to keep the timeline operation at the UE semi-statically controlled.
3 [bookmark: _Hlk16835267]Relation of the DM-RS shifting to the bandwidth of LTE and NR carriers
Based on current specification, the determination on whether the DM-RS shifting shall happen or not, depends only on the symbol level collision of any PDSCH DM-RS, with any symbol which contains LTE CRS according to the lte-CRS-ToMatchAround configuration. In other words, the determination is not taking into account whether the scheduled PDSCH is on the same BW or not with the LTE CRS. A few specific examples related to the above interpretation of the specification follow:
1. Partial allocation collision of PDSCH DM-RS with lte-CRS-ToMatchAround
Consider the scenario of an LTE and NR component carrier, both of 20 MHz. The LTE has 100 PRBs, whereas the NR has 106 PRBs. Then, there are 3 PRBs in the edge of each side in which, according to the lte-CRS-ToMatchAround pattern, CRS would not exist in any OFDM symbol in these 3 PRBs (but CRS exists in the remaining PRBs on some OFDM symbols). Then, based on current specification, both the cases following below would result to DM-RS shifting:
· NR PDSCH is only scheduled in the edge 3 PRBs
· According to the specification language, since the overlap determination is happening due to “symbol-level overlap”, the DM-RS of NR PDSCH need to be shifted, even if there is no overlap on the scheduled PRBs with the LTE CRS. 
· NR PDSCH is scheduled in a superset of the edge PRBs
· Similarly to the case above, since the determination is just on a “symbol level overlap”, the DMR-RS of all the PRBs of the any PDSCH need to be shifted, even if in some of the PRBs there would not have been any overlap of the DM-RS with the CRS if shifting was not happening. 
2. LTE carrier outside active BWP
Consider the case of an active NR BWP which is outside the LTE carrier. Similarly to the cases above, if the lte-CRS-ToMatchAround is configured, the UE determines which OFDM symbols contains LTE CRS based on the configuration, and indepedently from the fact that there cannot be any PRB-level overlap between the scheduled PDSCH  and the LTE CRS, the NR PDSCH DM-RS would be shifted according to the symbol-level overlap rule written in the specification. 
3. LTE carrier outside the NR system BW
Consider the case of an NR system BW which is outside the LTE carrier. Same as before, if the lte-CRS-ToMatchAround is configured, the UE determines that there is symbol-level overlap, independent of the fact that the carriers are on different bandwidths, and therefore the NR PDSCH DM-RS is shifted.
Observation 2: Current RAN1 specification explicitly states that DM-RS location shifts whenever any DM-RS symbol symbol conincides with any symbol containing LTE cell-specific reference signals as indicated by the higher-layer parameter lte-CRS-ToMatchAround, without considering any frequency-domain overlap in the determination.
Based on the above we make the following proposal to be clarified in the Chairman Notes (No spec change):
Proposal 2: Capture in the Chairman Notes that in the current RAN1 specification, for the scenario of DM-RS location shifting described in Section 7.4.1.1.2 of TS 38.211, 
· If the NR PDSCH DM-RS with   appears on the same symbol with LTE cell-specific reference signals as indicated by the higher-layer parameter lte-CRS-ToMatchAround, independent of any PRB-level overlap or not with the scheduled PDSCH, the DM-RS of the PDSCH  is expected to be shifted to symbol .
4 Conclusion 
In this contribution, we make the following observation:
[bookmark: _Hlk16854579]Observation 1: The DM-RS procedure in 38.211 should be interpretted such that DM-RS location is shifted only due to the LTE-CRS configuration, because if the higher layer parameter mbsfn-SubframeConfigList is configured such that there would be at least one sub-frame for which LTE-CRS collision is happening, then all DM-RS are shifted to keep the timeline operation at the UE semi-statically controlled.
Observation 2: Current RAN1 specification explicitly states that DM-RS location shifts whenever any DM-RS symbol symbol conincides with any symbol containing LTE cell-specific reference signals as indicated by the higher-layer parameter lte-CRS-ToMatchAround, without considering any frequency-domain overlap in the determination.
In this contribution, we make the following proposal:
Proposal 1: Capture in the Chairman Notes that in the current RAN1 specification DMRS location does not shift based on higher layer parameter mbsfn-SubframeConfigList.
Proposal 2: Capture in the Chairman Notes that in the current RAN1 specification, for the scenario of DM-RS location shifting described in Section 7.4.1.1.2 of TS 38.211, 
· If the NR PDSCH DM-RS with   appears on the same symbol with LTE cell-specific reference signals as indicated by the higher-layer parameter lte-CRS-ToMatchAround, independent of any PRB-level overlap or not with the scheduled PDSCH, the DM-RS of the PDSCH  is expected to be shifted to symbol .
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