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Introduction
In this contribution, we discuss the issue about additional PDSCH DM-RS dropping with double symbol. It would be introduced in the following section that, in some condition, only the second symbol of an additional double-symbol DM-RS is out of bound according to current Rel-16 RAN1 spec, and it breaks the orthogonality of orthogonal cover code (OCC) applied on the DM-RS. Furthermore, this breaks the symmetricity between the double-symbol additional PDSCH DM-RS and the double-symbol front-loaded PDSCH DM-RS. A recommended solution is provided in this document with the corresponding text proposal.

Out-of-bound symbol dropping for PDSCH DM-RS with double symbol
In the Rel-16 TR 38.822 [1] UE feature, the Type B PDSCH duration for all values of the PDSCH duration  other than 2, 5, and 7 symbols are introduced for Rel-16 NR-U on top of the Rel-15 existent Type B PDSCH durations (2, 5, and 7 symbols):

[image: ]

This also brings the possibility of additional double-symbol DM-RS in Rel-16 TS 38.211 [2] with PDSCH duration   OFDM symbols as shown in 38.211 Table 7.4.1.1.2-4 [2] below:
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In Rel-16 TS 38.211 [2] 7.4.1.1.2, there are some symbol positions where UE is not expected to receive PDSCH DM-RS:
[bookmark: _Ref497117847]7.4.1.1.2	Mapping to physical resources
For PDSCH mapping type B

[bookmark: _Hlk25169508]-	if the PDSCH duration   OFDM symbols for normal cyclic prefix or  OFDM symbols for extended cyclic prefix, and the front-loaded DM-RS of the PDSCH allocation collides with resources reserved for a search space set associated with a CORESET,  shall be incremented such that the first DM-RS symbol occurs immediately after the CORESET and until no collision with any CORESET occurs, and
-	… 
-	if the PDSCH duration   OFDM symbols, the UE is not expected to receive the front-loaded DM-RS beyond the 4th symbol;
-	if the PDSCH duration  is 12 or 13 symbols, the UE is not expected to receive DM-RS mapped to symbol 12 or later in the slot;
-	for all values of the PDSCH duration  other than 2, 5, and 7 symbols, the UE is not expected to receive DM-RS beyond the :th symbol;


Take the yellow highlighted spec text above for example, in some condition, only the second symbol of an additional double-symbol PDSCH DM-RS is out of bound according to current Rel-16 RAN1 spec. This breaks the orthogonality of orthogonal cover code (OCC) applied on the DM-RS and the symmetricity between the double-symbol additional PDSCH DM-RS and the double-symbol front-loaded PDSCH DM-RS. For instance, in Fig. 1, there is a PDSCH with duration  = 11 symbols, with double-symbol DM-RS configured and dmrs-AdditonalPosition = 7. The signal structure without PDCCH is shown in the left part of Figure 1. If a two-symbol CORSET is configured in the beginning the PDSCH, the DMRS needs to be shifted right by two symbols as illustrated in TS 38.211 [2] 7.4.1.1.2 above in blue highlighted text. After the shift, the last symbol of the DM-RS (symbol 13 in Fig. 1) should not be transmitted according to the yellow highlighted spec text above. Then, there can be two alternatives (as in Fig. 1). Alt 1 is to remove the whole double-symbol DMRS, while Alt 2 is to only remove the second symbol of the double-symbol DRMS. If Alt 2 is applied, it breaks the orthogonality of orthogonal cover code (OCC) applied on the DM-RS and the symmetricity between the double-symbol additional PDSCH DM-RS and the double-symbol front-loaded PDSCH DM-RS. Furthermore, Alt 1 provides a better throughput than Alt 2.
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Figure 1. An example of additional PDSCH DM-RS dropping with double symbol
Observation 1: As shown in Fig. 1, according to Rel-16 TS 38.211 [2] 7.4.1.1.2, when the PDSCH DMRS collides with CORSET, it has to be shifted right to avoid the collision. This may result in a scenario that only the second symbol of the additional double-symbol DM-RS is out of bound according to Rel-16 TS 38.211 [2] 7.4.1.1.2.
Observation 2: When only the second symbol of the additional double-symbol DM-RS is out of bound according to Rel-16 TS 38.211 [2] 7.4.1.1.2, there can be two alternatives for implementation as shown in Figure 1. Among the two alternatives, Alt 2 breaks the orthogonality of orthogonal cover code (OCC) applied on the DM-RS and the symmetricity between the double-symbol additional PDSCH DM-RS and the double-symbol front-loaded PDSCH DM-RS. Furthermore, Alt 1 provides a better throughput than Alt 2.

With Observation 1 and Observation 2, we have the following proposal:

Proposal 1: Adopt Alt 1 in Figure 1 instead of Alt 2, to avoid breaking the orthogonality of orthogonal cover code (OCC) applied on the DM-RS and the symmetricity between additional/ front-loaded PDSCH DM-RS. Besides, Alt 1 provides a better throughput than Alt 2.
Adopt the text proposal below to reflect Alt 1 in Rel-16 TS 38.211 [2]:7.4.1.1.2	Mapping to physical resources
For PDSCH mapping type B

-	if the PDSCH duration   OFDM symbols for normal cyclic prefix or  OFDM symbols for extended cyclic prefix, and the front-loaded DM-RS of the PDSCH allocation collides with resources reserved for a search space set associated with a CORESET,  shall be incremented such that the first DM-RS symbol occurs immediately after the CORESET and until no collision with any CORESET occurs, and
-	if the PDSCH duration  is 2 symbols, the UE is not expected to receive a DM-RS symbol beyond the second symbol;
-	if the PDSCH duration  is 5 symbols and if one additional single-symbol DMRS is configured, the UE only expects the additional DM-RS to be transmitted on the 5th symbol when the front-loaded DM-RS symbol is in the 1st symbol of the PDSCH duration, otherwise the UE should expect that the additional DM-RS is not transmitted;
	<Unchanged parts are omitted>
[bookmark: _GoBack]-	for all values of the PDSCH duration  other than 2, 5, and 7 symbols, the UE is not expected to receive DM-RS beyond the :th symbol;
-	the UE is not expected to receive only the first DM-RS symbol of the additional double-symbol DM-RS


Conclusion
In this contribution, we discuss the issue about additional PDSCH DM-RS dropping with double symbol and have the following observations and proposals:

Observation 1: As shown in Fig. 1, according to Rel-16 TS 38.211 [2] 7.4.1.1.2, when the PDSCH DMRS collides with CORSET, it has to be shifted right to avoid the collision. This may result in a scenario that only the second symbol of the additional double-symbol DM-RS is out of bound according to Rel-16 TS 38.211 [2] 7.4.1.1.2.
Observation 2: When only the second symbol of the additional double-symbol DM-RS is out of bound according to Rel-16 TS 38.211 [2] 7.4.1.1.2, there can be two alternatives for implementation as shown in Figure 1. Among the two alternatives, Alt 2 breaks the orthogonality of orthogonal cover code (OCC) applied on the DM-RS and the symmetricity between the double-symbol additional PDSCH DM-RS and the double-symbol front-loaded PDSCH DM-RS. Furthermore, Alt 1 provides a better throughput than Alt 2.

Proposal 1: Adopt Alt 1 in Figure 1 instead of Alt 2, to avoid breaking the orthogonality of orthogonal cover code (OCC) applied on the DM-RS and the symmetricity between additional/ front-loaded PDSCH DM-RS. Besides, Alt 1 provides a better throughput than Alt 2.
Adopt the text proposal below to reflect Alt 1 in Rel-16 TS 38.211 [2]:7.4.1.1.2	Mapping to physical resources
For PDSCH mapping type B

-	if the PDSCH duration   OFDM symbols for normal cyclic prefix or  OFDM symbols for extended cyclic prefix, and the front-loaded DM-RS of the PDSCH allocation collides with resources reserved for a search space set associated with a CORESET,  shall be incremented such that the first DM-RS symbol occurs immediately after the CORESET and until no collision with any CORESET occurs, and
-	if the PDSCH duration  is 2 symbols, the UE is not expected to receive a DM-RS symbol beyond the second symbol;
-	if the PDSCH duration  is 5 symbols and if one additional single-symbol DMRS is configured, the UE only expects the additional DM-RS to be transmitted on the 5th symbol when the front-loaded DM-RS symbol is in the 1st symbol of the PDSCH duration, otherwise the UE should expect that the additional DM-RS is not transmitted;
	<Unchanged parts are omitted>
-	for all values of the PDSCH duration  other than 2, 5, and 7 symbols, the UE is not expected to receive DM-RS beyond the :th symbol;
-	the UE is not expected to receive only the first DM-RS symbol of the additional double-symbol DM-RS
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Table 7.4.1.1.2-4: PDSCH DM-RS positions / for double-symbol DM-RS.
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