3GPP TSG RAN WG1 Meeting #88
                                   R1-1701587
Athens, Greece 13th - 17th February 2017
Source:  
ZTE, ZTE Microelectronics
Title: 
Resource sharing between PDCCH and PDSCH                         
Agenda Item: 
8.1.3.1.5
Document for: 
Discussion and Decision
1 Introduction    
It was agreed in RAN1 #87 that unused PDCCH resources in control resource set will be reused for PDSCH [1]. However, the further details need to be decided. It is also agreed that DMRS for PDSCH should not dynamically vary in symbol position [2]. In this contribution we cover the indication of the reused PDCCH resources and how UE demodulate the reused resources.

2 Discussion
2.1 Resources not defined in control resource set
The introduction of control resource set is to reserve a fractional of whole bandwidth for control monitoring. This will facilitate interference management and forward compatibility. For those PRBs not reserved for DL control in the carrier bandwidth, the resource should be fully utilized by PDSCH.
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Figure1.  Indicating PRB not for control resource to start PDSCH in symbol 0

Each control resource set is basically indicated with number of PRBs and symbol duration. Those PRB not for control can be signaled through higher layer that the UE can start from symbol 0. 
Propsal1:  UE can be configured with the PRBs in which PDSCH starts from symbol 0. 
2.2 Reusing PDCCH resources for PDSCH
Within a control resource set, resource not used for PDCCH can be used for PDSCH. Thus, the multiplexing of PDSCH and real transmitted PDCCH within control resource set can be in TDM or FDM schemes. 
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Figure 1 TDM sharing
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Figure 2 FDM sharing

Compared with FDM scheme, TDM is more straightforward. As shown in left of Figure 1, a control resource set is fully reused to PDSCH. When gNB configured a number of control resource sets, DCIs can be concentrated in one OFDM symbol. The idle symbols of control resource sets can be multiplexed for PDSCH transmission. Right of Figure 1 shows part of symbols belonging to a control resource set semi static configured.
TDM can use DCI to indicate PDCCH duration or PDSCH starting. This DCI can be common DCI similar as slot type indication. If not able to be indicated by common DCI, it could be indicated by UE-specific DCI.  TDM will allow more pipeline operation on control decoding and data decoding.  The control can be always before data. Note that since PDSCH DMRS cannot move dynamically, the data demodulation itself is not in full pipeline. It can also be enforced by TDM through whole carrier and not share any OFDM symbol for PDSCH and PDCCH. Then, signaling of all control resource set for the carrier to UE can be saved.  However, the TDM scheme requires both CCE and candidates mapped in frequency first manner. Then, the DMRS overhead cannot be saved by sharing between REs in different OFDM symbols but same PRBs.
FDM multiplexing is shown in Figure 2. The left and right means all symbols and partial symbols reused for PDSCH transmission in a control resource set, respectively.

FDM will fully utilized benefit of Front-loaded DMRS within control resource. For the left side of Figure 2, CCE and candidates need to apply time first mapping rules. The PDSCH starting symbol will be different for different PRBs. Then, only UE-specific PDCCH can indicate it.  One UE could be with a number of starting symbol depending on PRBs. This would be significant amount of signaling overhead. An alternative would be set a semi-statically PDSCH starting symbol. Unused resource can be indicated in unit of CCE to the scheduled UE as additional resource that transmit the PDSCH data.
PDSCH region frequency domain is denoted as f2 and reused PDCCH resource frequency domain is denoted as f1. There are 3 cases, as shown in Figure 3.
Case 1: f1is a subset of f2.
Case 2: f1is equivalent to f2.
Case 3: f1is different or partially different to f2.
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Figure 3 The relative location of f1 and f2
For Case 1, one way is to indicate several PDSCH starting symbols corresponding to different PRB in UE-specific PDCCH. It results in larger signaling overhead. Another way is to indicate the PDSCH starting symbol in UE-specific PDCCH and explicit or implicit indicate resources in control symbol by UE-specific DCI additionally.
Case 2 will only indicate the uniform PDSCH starting symbol in UE-specific PDCCH.

For Case 3, the indication is more complicated, which is not recommended.
Proposal 2:  For reused PDCCH resource, the PDCCH PRBs should not exceed scheduled PDSCH PRBs.
Proposal3:  Each control resource set should be configured with symbol duration. NR should support FDM sharing between PDCCH and PDSCH in control resource set.
2.3 Data demodulation of reused resource 

It was agreed that in previous meeting that the DL data DMRS location in time is not dynamically varying relative to the start of slot. The semi-statically configured DMRS location of PDSCH should not located in control duration. Thus those unused PDCCH resource will not be able to be demodulated until PDSCH DMRS starts.  2 possibilities are considered: 
Alt1:  Wait until the PDSCH DMRS to demodulate.

Alt2. Use DMRS in PDCCH resource.
The overhead for Alt1 would be optimal, since no additional RS is introduced.  The PDCCH region only occupies small number of symbols. The channel correlation would be sufficient. It should require additional storage of that reused resource in PDCCH region. The pipeline operation is impacted by the waiting of DMRS in PDSCH. 
In Alt2, additional RS should be defined in the reuse resource in PDCCH region. UE can determine number of RS ports within that reuse resource based on its transmission mode for PDSCH. Then, the demodulation will be quite consistent between reused resource and PDSCH, although they are independently decoded. 
Proposal4:  PDSCH DMRS location is semi-statically configured. PDSCH data demodulation should assume same RS ports on all the REs for PDSCH.
3 Conclusion
In this contribution, we discussed the resource sharing between PDCCH and PDSCH in NR control channel design. As summary, we propose:  
Propsal1:  UE can be configured with the PRBs in which PDSCH starts from symbol 0. 
Proposal 2:  For reused PDCCH resource, the PDCCH PRBs should not exceed scheduled PDSCH PRBs.

Proposal3:  Each control resource set should be configured with symbol duration. NR should support FDM sharing between PDCCH and PDSCH in control resource set.
Proposal4:  PDSCH DMRS location is semi-statically configured. PDSCH data demodulation should assume same RS ports on all the REs for PDSCH.
4 References 
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