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1. Introduction

In LTE, the starting symbol for physical dedicated shared channel (PDSCH) is the same across the whole system bandwidth as the control region takes the whole of the first or several symbols of a subframe. In general, UE will decode the PCFICH channel on the 1st symbol of the subframe, which will inform UE two things, the first  is the size of control region (number of OFDM symbols used for control channel PDCCH), the 2nd is the start symbol of PDSCH as normally PDSCH will start right after the PDCCH ends.  In some situations like CoMP where different transmit point (TP) may have different PDCCH size, but have the same start symbol of PDSCH. In such cases, the start of PDSCH is signaled to the UE in downlink control information (DCI)
In 5G new radio (NR) wireless system, the situation changes as the control region may only occupy a portion of the frequency bandwidth of the whole system bandwidth and there exist a number of control regions which may have different size in time (number of OFDM symbols). That could lead to different start symbol of PDSCH depending on the regions. In RAN1 NR ad-hoc meeting held in Jan of 2017,  this subject was discussed and companies all feel there is a need to indicate to the UE the starting position of PDSCH to deal with such change. As the consequence, the following agreement was reached
Agreements: 
· The staring position of downlink data in a slot can be explicitly and dynamically indicated to the UE.

· FFS: signaled in the UE-specific DCI and/or a ‘group-common PDCCH’

· FFS: how and with what granularity the unused control resource set(s) can be used for data

In RAN1 87 meeting, it was agreed to support resource sharing between PDCCH and PDSCH. That adds more challenges to the indication of start of PDSCH as described earlier. 

Agreements:
· NR should support dynamic reuse of at least part of resources in the control resource sets for data for the same or a different UE, at least in the frequency domain

· FFS if resource reuse can be done in time domain as well

· FFS: DL data DM-RS location in time should not vary dynamically as a consequence of dynamic reuse of control resources for data

· FFS: time/frequency granularity of the resource reuse

· FFS: signaling needed, if any

In this contribution, more detail discussions are presented on how to signal the start symbol of PDSCH as well as reuse resource between PDCCH and PDSCH and our current views are provided
2. Resource sharing between PDCCH and PDSCH
In 5G new radio (NR) wireless system, unlike in 4G LTE system, the control regions may only occupy a portion of the frequency bandwidth of the whole system bandwidth. The motivation is to save the UE efforts to search for its physical downlink control channel (PDCCH) across the whole system bandwidth which could be very wide compared with that of LTE,  especially at higher frequency. The issue from this change is however, the starting symbol for PDSCH may not be the same anymore for different PRBs as shown in Figure 1., in which control resource sets (CORESET) are blocks of time-frequency resources configured for DL control channel transmission.  It can be observed from the figure that there exist different control resource sets  and different control resource sets may have different durations in time. In addition, some frequency portion may not have control resource sets configured at all. All these lead to different start symbol of PDSCH depending on where the scheduled PRBs are located. On top of that, the reuse of unused PDCCH for PDSCH is supported as shown in Figure 1. That add some extra complexity on signaling on PDSCH resource allocations. 
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Figure 1:  Examples of  scheduled PDSCH and corresponding PDCCH
In general, from a UE perspective, the frequency domain could be divided into three types of regions

· The first type of regions is where no control resource set is configured as shown by region 2 of Figure 1. 
· The second type of regions is where the UE is configured with control resource sets for its PDCCH, as shown by regions #1 of figure 1 as an example.. 
· The third type of regions is where control resource sets for other UEs are configured, but could overlap with frequency region that this UE uses for its PDSCH transmissions, as shown by region 3 of Figure 1 as an example. 
For the first type of region (region 2 in Figure 1), as no control resource set is configured, the starting symbol of PDSCH would be the 1st OFDM symbol in the slot. This could be specified and used as the default value of starting OFDM symbol for PDSCH. 
Proposal

· Specify default value of starting OFDM symbol for PDSCH as the 1st OFDM symbol in a slot
For the second type of region, it will be configured/signaled to the UE for it to search for its PDCCH, so it is also clear to the UE of its frequency domain configurations.  For the 3rd  type of region, as the control resource sets are configured for other UEs, from PDCCH searching perspective, this UE may not need to know its configuration. However, if its scheduled PDSCH could fall into that region, it would be useful for UE to know the configurations in order to determine the start symbol of its PDSCH. As such configuration ( at least its frequency configuration) is most likely semi-statically signaled, it shall not impose too much overhead in terms of signaling. Certainly only the regions that have overlapping with a UE’s PDSCH transmission needs to be informed to the UE. 
Proposal
· Consider to signal  control resource sets configurations that overlap in frequency with potential scheduled PDSCH of the UE
With these region configurations in place and known to the UE, it could facilitate the determination of starting symbols of PDSCH. The starting OFDM symbols of PDSCH for abovementioned control resource sets could be signaled to the UE using a couple of options. 

· Option 1: The signaling could be sent using (group) common control channel 

· Option 2: The signaling could be sent using dynamic UE-specific control channel. 

· Option 3: The signaling could be sent using semi-static higher layer signaling
The above options could be used alone or combined together. For example, the values signaled by option 3 could be used as default value, and values signaled by option 1 and/or 2 could overwrite that from option 3. The granularity of starting OFDM symbols for PDSCH could be based on control resource set, namely, for each control resource set, one value of starting OFDM symbol for PDSCH could be signaled.  If multiple CORESETs have overlapping in frequency, a combined occupied frequency resource indication could be informed to the UE. 
Proposal
· The granularity of starting OFDM symbols for PDSCH could be based on control resource sets
· Signal to the UE the starting symbol of PDSCH for each relevant control resource sets (overlapping in frequency with its PDSCH). The signaling could be dynamic or semi-static or combined. 
From UE perspective, it could determine the starting OFDM symbol for its PDSCH as follows 
1. It would assume the 1st OFDM in the slot as the default PDSCH starting OFDM symbols. 

2. It shall receive the frequency (and maybe time) configuration of relevant CORESETs include the one that its PDCCH is transmitted as well as those who may overlap in frequency with its PDSCH transmission.
3. If it receives signaling semi-statically from higher layer (option 3) to indicate the starting OFDM symbol for a particular control resource set region, or it derives it from the CORESET configuration (in both time and frequency), it will use that as the starting OFDM symbol for all PRBs allocated in that region

4. If it receives signaling from (group) common control channel (option 1) and/or UE-specific control channel (option 2) to indicate the starting OFDM symbol for a particular control resource set region or allocated PRBs, it will use that to override those obtained from 1 and 2 as the starting OFDM symbol for PRBs allocated in that region


[image: image2]
Figure 2 Dynamic and semi-static signaling of start symbol of PDSCH

Figure 2 shows an example of combination of dynamic and semi-static signaling of start symbol of PDSCH. In general, the semi-static signaling of start symbol for PDSCH could takes a larger value (e.g., the maximum value of control resource set +1) as the start symbol of PDSCH, while dynamic signaling may take more accurate value of start symbol of PDSCH. If signaling overhead is an issue or more control resource sets get involved, then a semi-static signaling could be used. Otherwise, dynamic signaling would be more effective. For example, to save the signaling overhead, the start of PDSCH succeeding CORESET #2 (region 3) in Figure 1 could be signaled semi-statically using higher layer signaling (or derive from the configuration of CORESET #2) as that CORESET is not configured for the UE of interest and therefore may not worth the efforts to use two much overhead. 
One remaining aspect that may need some clarification is the relation between the start symbol of PDSCH, the duration of a control resource set and the symbol that carries the first occurrence of DMRS in a slot.  The importance of start of PDSCH is already discussed earlier. As for the duration of a control resource set, it could be critical for the PDCCH searching. For example, in LTE, UE needs to know the number of symbols in the control region before it could start to decode the PDCCH. Such duration was signaled to UE as part of CORESET configuration. Here it should be clarified that time duration of CORESET may not be the same as the time duration of PDCCH region as a PDCCH region may contain multiple CORESETs. Detail discussion could be referred to our companion contribution [4].  On the other side, even though the PDSCH would in general start right after control region ends, there may not exist definite relation between these two.  For example, in CoMP operations, to align the PDSCH transmissions from multiple transmit points (TP), the start of PDSCH could be aligned regardless the actual duration of  PDCCH region at each TP. It is therefore preferred to signal these two parameters separately to the UE. Signaling these two parameters could also allow some flexibility in the signaling. For example, signaling of the start symbol of PDSCH seems more critical and thus may need to be signaled in every slot, while the signaling of control resource set duration may not be that critical if some PDCCH structure would allow UE to apply more blind decoding even if such information is not received.  For the symbol that carries the first DMRS in a slot, it was agreed at last meeting that its location is not dynamically varying relative to the start of a slot. So in general, it could be set at the 1st symbol after the maximum duration of a control resource set but may not be the actual start symbol of PDSCH of each slot. Figure 3 show such relation among these three as an example. As first DMRS symbol location is fixed, it may be after some other PDSCH symbols in time. This could require extrapolation operations in channel estimations. 

[image: image3]
Figure 3: An exemplary relation between start of PDSCH, control duration and symbol to carry first DMRS
From the analysis and observations, the following could be proposed

Proposal:

· The first DMRS symbol for PDSCH could be specified or signaled as the  first symbol after maximum duration for a control resource set (e.g., 4)
The scheduled PDSCH region sometimes has irregular shape due to existence of CORESET, as shown in Figure 4 for example. For such case, a single indication of overall start of PDSCH can be signaled, as shown in Figure 4 and  rate matching on PDSCH could be applied to overcome the resources that are used by PDCCH. The merit of this approach is simplified signaling of PDSCH starting. However, some issues may need to be clarified.
· The regions that rate matching are applied needs to be known to the UE. If this CORESET is configured for the UE, the region is known to the UE and no additional signal is needed. . However for the CORESETs that are not configured to the UE, addition signaling may still be needed to inform UE so that rate matching could be applied.  
· The performance loss due to the rate matching depends on how much resources are used by PDCCH,  and that could vary and impact on PDSCH performance.

· If rate matching region could be identified by the UE (through signaling or pre-configuration), then why would the gNB re-calculate the actual resources that are available for PDSCH and determine appropriate TBS. 
Proposal:

· Rate matching approach needs to be carefully evaluated considering both performance impact and  signaling complexity. 
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Figure 4: Indication of an overall start for PDSCH
As reuse of unused PDCCH for PDSCH is supported in NR 5G, it imposes some design requirement and complexity on top of the issues that are just discussed.  For example, it needs to be considered of the granularity of PDCCH units (as CCE and REG in LTE) and its mapping in frequency domain and those of PDSCH (as RBG in LTE). If the granularity of these two do not match well, it may make the reuse of unused PDCCH for PDSCH more difficult and less efficient. Figure 5 shows an example of reusing of PDCCH for PDSCH when distributed PDCCH mapping with REG bundling is used. The REG bundling size is assumed as 2 REG (2 PRB in frequency) and each CCE is assumed containing 4 REGs. In this case, the unit for PDCCH mapping is 2 PRBs, in order for those unused PDCCH being reused for PDSCH, the RBG size of PDSCH could be specified as 2 PRBs as well. 
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Figure 5: An example of reuse of PDCCH for PDSCH transmission for distributed PDCCH mapping with REG bundling
Proposal:

· Strive to consider together the RBG size for PDSCH and PDCCH unit size in frequency mapping
3. Conclusions
In this contribution, some detail aspects on starting symbol for PDSCH were discussed and some proposals are presented. 
Proposals :  
· Specify the default value of starting OFDM symbol for PDSCH as the 1st OFDM symbol in a slot
· Consider to signal  control resource sets configurations that overlap in frequency with potential scheduled PDSCH of the UE 
· The granularity of starting OFDM symbols for PDSCH could be based on control resource set
· Signal to the UE the starting symbol of PDSCH for each relevant control resource sets (overlapping in frequency with its PDSCH). The signaling could be dynamic or semi-static or combined

· The first DMRS symbol for PDSCH could be specified or signaled as the first symbol after maximum duration for a control resource set (e.g., 4)
· Rate matching approach needs to be carefully evaluated considering both performance impact and  signaling complexity.
· Strive to consider together the RBG size for PDSCH and PDCCH unit size in frequency mapping
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