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Introduction
In the RAN1 NR Ad Hoc #2 meeting [1], the followings were agreed.
Agreements:
· For downlink, UE can be informed about the first DMRS position of the PDSCH between the following:
· Fixed on the 3rd or 4th symbol of the slot (for, a.k.a, slot-based scheduling)
· 1st symbol of the scheduled data (for a.k.a non-slot-based scheduling)
· FFS: if special handling is needed for the case where some of the PRBs of the symbol of the scheduled data is overlapped with the other signals/channels
· FFS: When the UE is configured both slot-based scheduling and non-slot-based scheduling, the first DMRS position of the PDSCH can be changed between the 3rd or 4th symbol of the slot and 1st symbol of the scheduled data

Agreements:
· For uplink, the first DMRS position of the PUSCH is fixed relative to the start of the scheduled data.
· FFS: Additional possibility of the another fixed position relative to the start of slot
· The exact fixed position can be changed depending on the duration of the scheduled data

Agreements:
· Study further how to handle DM-RS and SS block collision (if any)
· E.g., changing DM-RS symbol(s) position in time domain, no PDSCH transmission on the collided PRBs, dropping the DM-RS symbol in collision, etc.

Agreements:
· For 15 kHz subcarrier spacing case,
· Map two SS blocks candidate locations to the slot of 14 symbols as follows
· First candidate location is at symbols 2-5
· Second candidate location is at symbols 8-11

Agreements:
· For 30 kHz subcarrier spacing case, the second SS block mapping pattern is
· Map two SS blocks candidate locations to the slot of 14 symbols as follows
· First candidate location is at symbols 2-5
· Second candidate location is at symbols 8-11
· Note: In the case of NR-LTE coexistence, the first SS block mapping pattern (i.e., page 7 in R1-1711899) can be used
· Note: It is up to RAN4 to decide the SS block mapping pattern for each frequency band

This contribution considers the problem and its possible solutions on how PDSCH/PDCCH transmission/reception is done in NR when the PDSCH/PDCCH is mapped on the same OFDM symbol of SS/PBCH blocks, and how to avoid PDSCH/PDCCH DMRS collision with SS block when the PDSCH is assigned in the resource blocks overlapping with the SS block.

Discussion
1.1 Different SCS for SS block and PDCCH/PDSCH
The subcarrier spacing configured for the SS block and the PDCCH/PDSCH in slots not containing the SS block can be different. In order to maximize resource utilization in slots containing SS blocks, there is a need to specify how the UE shall receive PDCCH/PDSCH in OFDM symbols which contain the SS block. 
Some alternatives to solve the problem are described as below:
Alt1: when receiving in slot with SS block, UE assumes by default that the PDCCH/PDSCH assigned in the same OFDM symbol as SS block takes the same SCS as the SS block. An advantage of this alternative is that no guard band between the SS block and the PDCCH/PDSCH is needed, hence full resource utilization is possible. Other advantage it allows the UE to utilize SS-block signals (NR-SSS and PBCH DMRS) for channel estimation of the PDCCH/PDSCH (in addition to the PDCCH/PDSCH DMRS) when the condition allows which improves the channel estimation performance. 
Alt2: when receiving in slot with SS block, UE assumes PDCCH/PDSCH assigned in the same OFDM symbol as SS block takes the same SCS as configured PDCCH/PDSCH SCS in slots not containing SS block. An advantage of this approach is that it can work for all combination of SS block and data SCSs. This alternative implies that the UE should be able to perform base band signal processing on samples with different SCS simultaneously so that the UE can maintain synchronization with the SS block and receive the PDCCH/PDSCH in the same OFDM symbol. However, when not all UEs can be assumed to be capable, there needs to be a UE capability signalling indicated to the network on the ability to simultaneously process signals with different SCSs. 
Observation 1: The subcarrier spacing configured for the SS block and the PDCCH/PDSCH in slots not containing the SS block can be different. 
Proposal 1: When their SCS is different, the Tx/Rx behavior of PDCCH/PDSCH needs to be defined by the spec: either the same or different SCS as the SS block for PDCCH/PDSCH in the same OFDM symbol as the SS block can be configured to solve the SCS problem.  
1.2 SS Block/PDSCH/DMRS Resource Conflict
When normal resource allocation for PDSCH without SS/PBCH blocks in consideration is used, based upon the above agreements in 3GPP NR, there is a possibility of resource mapping conflict between SS/PBCH blocks and PDSCH/DMRS, in the sense that the PDSCH/DMRS mapping collides with SS/PBCH mapping. The conflict cases include but not limited to the cases shown in Figures 1 and 2. Here in Figures 1 and 2 we assume the same SCS for both PDSCH and SS/PBCH blocks. Moreover, slot-based scheduling is assumed, but it can be easily seen that resource conflict occurs for non-slot-based scheduling as well. 

 
Figure 1: Resource mapping conflict case 1



Figure 2: Resource mapping conflict case 2
There is a need to specify how the PDSCH/DMRS resource mapping is done to avoid collision with the SS block when the PDSCH is assigned in resource blocks overlapping with the SS block. 
1 
2 
Some alternatives to solve the SS block/PDSCH/DMRS conflicts are described below:
Alt 1: The UE is configured with more than one DMRS mapping type or location, one (or more) of which avoids collision with the SS block. The DL assignment DCI indicates DMRS mapping type, e.g. one or more bits can be included in the DCI format for such indication. 
An example is shown in Figure 3, where DMRS position is changed from the 4th OFDM symbol to the second OFDM symbol in the slot. Figure 4 shows another example where the DMRS position is changed from the 4th OFDM symbol to the next available OFDM symbol that doesn’t overlap with SS blocks, i.e., 7th OFDM symbol in the slot.


Figure 3: Resolution of resource conflict case 1



Figure 4: Resolution of resource conflict case 2

Alt 2: Same as Alt 1, but the DMRS position which avoids collision with SS block is implicitly applied by the UE instead of explicit signalling in DCI format.
In this alternative, the UE assumes a first configuration (DMRS position which avoids collision according to Alt 1, i.e., the 2nd symbol in Figure 3, and the 7th symbol in Figure 4) when the PDSCH is assigned in resource blocks overlapping with the SS block; else the UE assumes a second configuration (the other DMRS position according to Alt 1, i.e., the 4th symbol). 
Observation 2: When normal resource allocation for PDSCH without SS/PBCH blocks in consideration is used, there is a possibility of resource mapping conflict between SS/PBCH blocks and PDSCH/DMRS. 
Proposal 2: Ways to solve SS block/PDSCH/DMRS resource conflict need to be defined in the spec: explicit or implicit DMRS mapping signaling may be supported with more than one DMRS mapping types configured. 
Conclusions
This contribution discusses SS block/PDSCH/DMRS multiplexing aspects. The followings were observed and proposed.
Observation 1: The subcarrier spacing configured for the SS block and the PDCCH/PDSCH in slots not containing the SS block can be different. 
Proposal 1: When their SCS is different, the Tx/Rx behavior of PDCCH/PDSCH needs to be defined by the spec: either the same or different SCS as the SS block for PDCCH/PDSCH in the same OFDM symbol as the SS block can be configured to solve the SCS problem.  
Observation 2: When normal resource allocation for PDSCH without SS/PBCH blocks in consideration is used, there is a possibility of resource mapping conflict between SS/PBCH blocks and PDSCH/DMRS. 
Proposal 2: Ways to solve SS block/PDSCH/DMRS resource conflict need to be defined in the spec: explicit or implicit DMRS mapping signaling may be supported with more than one DMRS mapping types configured. 
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