[bookmark: _Ref452454252]3GPP TSG-RAN WG1 Meeting #90	R1-1712951
Prague, Czech Republic, 21st - 25th August 2017
	


[bookmark: _Hlk488930898]Agenda item:		5.2.1.2.2.2
Source:	Nokia, Nokia Shanghai Bell
Title:	On DL control channel design for shorter TTI operation
Document for:		Discussion and Decision
1. Introduction
At RAN1 meeting RAN1#89, companies agreed on the following:
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In this contribution, we address the remaining open issues of PDCCH structure.  
2. On sPDCCH configuration and structure
The length and width of sPDCCH has been discussed intensively in the previous meetings and as well in the email discussion [89-4]. To progress with the design, we propose the following:
Proposal-1: The DMRS-based sPDCCH in 2/3OS-sTTI spans until the end of sTTI.
Proposal-2: The 3-OS long CRS-based sPDCCH in 1-slot sTTI is not supported.
This would conclude the discussion on sPDCCH RB-set frequency and time configuration.

2.1 CCE mapping within a sPDCCH RB set
The first open question is a support of interleaved/distributed mapping in DMRS-based sPDCCH. We think that interleaved mapping should also be supported for DMRS-based sPDCCH as a form of diversity mode, needed at least in MBSFN subframes, to provide sufficient reliability for control when CSI at the eNB is not reliable.
Proposal-3: Interleaved sPDCCH mapping is supported also for DMRS-based sPDCCH.
The second open issue is the exact mapping mechanism of non-interleaved and interleaved sCCEs. Based on discussion in Appendix A, we observe that for a non-interleaved CRS-based sPDCCH RB-set, time-first mapping would be more suitable (non-int-time-first in Figure2), because it maximizes the probability that CCE will be physically localized in frequency. For an interleaved CRS-based sPDCCH RB-set, hybrid frequency-time mapping would apply (int-hybrid in Figure 3), because it maximizes the frequency diversity and averages the RS-overhead in two sPDCCH OFDM symbols. In case only single OFDM symbol is configured, frequency-first mapping applies by default.
[bookmark: _Hlk489879734]Proposal-4: For non-interleaved 2-OS long CRS-based sPDCCH RB-set, the sREG of the CCEs are mapped time-first (Figure 2 non-int-time-first), and consecutive sCCEs form a sPDCCH candidate of a higher aggregation level. 
[bookmark: _Hlk489879673]Proposal-5: For interleaved 2-OS long CRS-based sPDCCH RB-set, the sREG of a CCEs are mapped in hybrid mode, time-first within an interleaved block and frequency-first between the interleaved blocks (Figure 3 int-hybrid), and sCCEs are interleaved before they are mapped to sPDSCH candidates of a higher aggregation level.
For non-interleaved DMRS-based sPDCCH, we suggest time-first mapping of consecutive sREGs to CCE, and that the bundling size is dependent on the length of sPDCCH (if agreed to be variable). For 2OS-long sPDCCH the bundling size could be 4 or 6 sREGs (i.e. 2 or 3 RBs) and for 3OS-long sPDCCH the bundling size could be 3 or 6 sREGs (i.e. 1 or 2 RBs) and consecutive sCCEs form a sPDCCH candidate.
For interleaved DMRS-based sPDCCH, we suggest sCCE to sREGs mapping to be the same as for non-interleaved mapping to support a common channel estimation framework for both modes. The interlace affecting the interleaving would be only on sCCE level. Therefore, for AL1 the interleaved and non-interleave mappings are identical and the interleaving / diversity gain would only be achieved in case of higher aggregation levels.
Proposal-6: For DMRS-based sPDCCH RB-set, time-first mapping of consecutive sREGs to sCCE is adopted
· For non-interleaved sPDCCH RB-set, consecutive sCCEs form a sPDCCH candidate of a higher aggregation level.
· For interleaved sPDCCH RB-set, sCCEs are interleaved before they are mapped to sPDCCH candidates of a higher aggregation level. 

2.2 On RB-set configuration
One open question from previous meeting is on the configuration of non-interleaved/localized mapping. We think that specification should not restrict eNB to configure continuous set of RBs for sPDCCH RB-set with localized mapping, nor it should mandate, at least for CRS-based sPDCCH, that configuration is limited to sCCE granularity. 
Proposal-7: sPDCCH RB-set can be physically discontinuous set of RBs within the system BW, as agreed in the previous meeting. No further restrictions on configuration (e.g. granularity, size, etc.) of RBs are supported.
In the previous meeting, companies agreed that a UE monitors at most two RB-sets within a single sTTI. When RAN2 specifies the configuration mechanism, we do not see any reason, why eNB could not configure a UE to monitor e.g. two interleaved or two non-interleaved RB-sets. Therefore, we have the following proposal 
Proposal-8: When an eNB configures a UE to monitor two RB-sets within a single sTTI, for each RB-set the mapping type (i.e. interleaved or non-interleaved) can be set freely.
Furthermore, based on our answers in the email discussion [89-4] we have the following proposal related to flexibility of RB-set configuration:
Proposal-9: Two overlapping/partially-overlapping RB-sets with different length should not be precluded by specification.
Proposal-10: 1-slot and 2/3-OS sTTI RB-set can share the same RBs.

2.3 Number of RB-sets 
An eNB may decide to configure more than two sPDCCH RB-sets within a single sTTI, and such prepare for the highest possible control requirement. For example, 2 distributed and 2 localized physically orthogonal RB-sets. An eNB may configure all 4 sets to all UEs, while assigning UEs search space to only subset of RB-sets. Therefore, no reconfiguration of UEs is necessary when UEs are entering and leaving the cell. A UE knowing overall sPDCCH resource may be informed by sDCI1 about vacant and occupied control resources within sTTI or may be informed dynamically by common sDCI2 about presence of a particular RB set within a subframe. From eNB point of view, configuration of more than two sPDCCH is required. For example, if different RB-sets are configured in different subframe types or sTTIs this supports e.g. DMRS based sPDCCH operation in MBSFN subframes and CRS based sPDCCH operation otherwise (as discussed in Sec. 3). Therefore, we suggest that multiple (e.g. four RB-sets) can be configured to a sTTI capable UE and an eNB may set the number of all candidates to zero, when configuring RB-set. 
Proposal-11: A UE can be configured with multiple (e.g. up to 4) sPDCCH RB-set(s) that may or may not be present in the particular sTTI, and may or may not contain UE’s search space in a particular sTTI. 

3. sPDCCH Transmission scheme   
As agreed earlier, for CRS- and DM-RS based sPDCCH is to be supported. CRS-based sPDCCH provides advantages in terms of overhead (i.e. not additional DM-RS is required) whereas DMRS-based sPDCCH is required to operate in subframes with limited CRS available (such as MBSFN subframes).
Therefore, one might consider if we can (similarly as with the Rel-12 EPDCCH monitoring) configure different sPDCCH modulation signal for different subframes (or sTTIs). By enabling this flexibility, we could take advantage of CRS-based sPDCCH (low overhead) where applicable also in case that MBSFN subframes on a carrier are present. 
Proposal-12: Enable (similar as with EPDCCH) a time-domain (subframe or even DL sTTI) dependent CRS or DM-RS based sPDCCH configuration, by e.g. configuring separate RB-sets applicable in different subframe-types or sTTIs. 
Based on the email discussion [89-4], SFBC is supported for CRS-based sPDCCH up to 4 CRS ports and the orphan REs problem due to CSI-RS are left up to eNB implementation.  
Proposal-13: SFBC is supported for CRS-based sPDCCH up to 4 CRS ports. Orphan RE problem is left up to the eNB implementation.
The two-port DMRS-based sPDCCH should be supported in addition to agreed single-port transmission scheme, we suggest enabling at least one of two following two-port schemes: 
(i) SFBC TxD scheme on top of two DM-RS ports 7 and 8 
(ii) Antenna hopping as in EPDCCH
The scheme (single port, SFBC and/or antenna hopping) can be configured together with the sPDCCH RB-set to a UE. The DMRS-ports are shared with sPDSCH, i.e. port 7 and port 8 with OCC2. 
Proposal-14: DMRS-based sPDCCH transmission scheme (single port, SFBC and/or two-port antenna hopping) is configured to a UE together with the DMRS-based RB set. 

4. On definition of short REG and short CCE  
In RAN1#90 it was confirmed that sREG is always 12 consecutive REs within a RB (excluding any known RS present within the RB). What remains still opened is how many sREGs would form a sCCE. One RB of an OFDM symbol may have variable number of available REs, ranging from 12REs when free of any reference signals, down to 6REs when CRS and 2 layers of DMRS are present within OS, and here even omitting the possible CSI-RS and other reference signals present within the RB. This having significant impact on the coding rate of the transmitted DCI. The available bits within 3 and 4-sREG sCCE is shown in Table 1. 
The CRS are always present within a subframe, unless the subframe is MBSFN. Only sTTI2 and sTTI4 have never CRS present and in some case also sTTI1 can be CRS free. To select which number to choose (i.e. 3 or 4), we should first know the size of minimum DCI format. In legacy, the minimum 1-CW format is Format 1A which has 44bits including CRC, and for this format not much compression is envisioned, since Type 2 resource allocation cannot be compressed significantly with increased granularity. From Table 1 trying to keep the available bits roughly constant we suggest configuration listed in Table 2. Note that variation of sREGs in sCCE has no impact on configured search space of the UE, i.e. number of candidates stays the same.
Proposal-15: The number of sREGs within sCCE in configured RB set is determined based on Table 2. 

[bookmark: _Ref477427241]Table 1 Number of available bits in sCCE
	sREGs in sCCE
	REs in RB
	Bits available
	Note

	

4

	12
	96
	no RS

	
	10
	80
	2 ports DMRS present

	
	8
	64
	CRS present

	
	6
	48
	CRS and 2 ports DMRS present

	

3

	12
	72
	no RS

	
	10
	60
	2 ports DMRS present

	
	8
	48
	CRS present

	
	6
	36
	CRS and 2 ports DMRS present



Table 2  Determination of the number of sREGs per sCCE for a configured RB set.
	Number of sREGs in sCCE
	CRS present in RB set
	no CRS in RB set

	DMRS present in RB set
	6 (72b)
	3/4 (60b/80b)

	no DMRS present in RB set
	4 (64b)
	3 (72b)



5. Summary
[bookmark: _GoBack]Based on the discussion in this contribution, we have the following proposals:
Proposal-1: The DMRS-based sPDCCH in 2/3OS-sTTI spans until the end of sTTI.
Proposal-2: The 3-OS long CRS-based sPDCCH in 1-slot sTTI is not supported.
Proposal-3: Interleaved sPDCCH mapping is supported also for DMRS-based sPDCCH.
Proposal-4: For non-interleaved 2-OS long CRS-based sPDCCH RB-set, the sREG of the CCEs are mapped time-first (Figure 2 non-int-time-first), and consecutive sCCEs form a sPDCCH candidate of a higher aggregation level. 
Proposal-5: For interleaved 2-OS long CRS-based sPDCCH RB-set, the sREG of a CCEs are mapped in hybrid mode, time-first within an interleaved block and frequency-first between the interleaved blocks (Figure 3 int-hybrid), and sCCEs are interleaved before they are mapped to sPDSCH candidates of a higher aggregation level.
Proposal-6: For DMRS-based sPDCCH RB-set, time-first mapping of consecutive sREGs to sCCE is adopted
· For non-interleaved sPDCCH RB-set, consecutive sCCEs form a sPDCCH candidate of a higher aggregation level.
· For interleaved sPDCCH RB-set, sCCEs are interleaved before they are mapped to sPDCCH candidates of a higher aggregation level. 
Proposal-7: sPDCCH RB-set can be physically discontinuous set of RBs within the system BW, as agreed in the previous meeting. No further restrictions on configuration (e.g. granularity, size, etc.) of RBs are supported.
Proposal-8: When an eNB configures a UE to monitor two RB-sets within a single sTTI, for each RB-set the mapping type (i.e. interleaved or non-interleaved) can be set freely.
Proposal-9: Two overlapping/partially-overlapping RB-sets with different length should not be precluded by specification.
Proposal-10: 1-slot and 2/3-OS sTTI RB-set can share the same RBs.
Proposal-11: A UE can be configured with multiple (e.g. up to 4) sPDCCH RB-set(s) that may or may not be present in the particular sTTI, and may or may not contain UE’s search space in a particular sTTI. 
Proposal-12: Enable (similar as with EPDCCH) a time-domain (subframe or even DL sTTI) dependent CRS or DM-RS based sPDCCH configuration, by e.g. configuring separate RB-sets applicable in different subframe-types or sTTIs. 
Proposal-13: SFBC is supported for CRS-based sPDCCH up to 4 CRS ports. Orphan RE problem is left up to the eNB implementation.
Proposal-14: DMRS-based sPDCCH transmission scheme (single port, SFBC and/or two-port antenna hopping) is configured to a UE together with the DMRS-based RB set. 
Proposal-15: The number of sREGs within sCCE in configured RB set is determined as: 
	Number of sREGs in sCCE
	CRS present in RB set
	no CRS in RB set

	DMRS present in RB set
	6 (72b)
	3/4 (60b/80b)

	no DMRS present in RB set
	4 (64b)
	3 (72b)







Appendix A - On mapping of sCCEs to sREGs for CRS-based sPDCCH
Having a CRS-based sPDCCH RB-set configured in frequency and time, a UE must know how to map sCCEs to sREGs. 
Figure 1 illustrates 3 possible mappings non-interleaved sCCEs to sREGs for virtually-continuous sPDCCH RB set of 12 RBs and 2OS length. In this example, a sCCE consists of 4 sREGs. sREGs of the same color form a sCCE (#0-ref, #1-yellow, #2-grey, #3-green, #4-blue, #5-purple). Note that the PRBs of an sPDCCH resource set does not need to be physically continuous, as shown in Figure 1, but the RBs are flexibly configurable by the eNB. From non-interleaved mappings in Figure 1, the most localized is (non-int-time-first), which also provides averaging of the RS-overhead in two OFDM symbols. 


Figure 1 Possible non-interleaved mappings of sCCEs to sREGs 
Figure 2 illustrates 3 possible mappings of interleaved sCCEs to sREGs for virtually-continuous sPDCCH RB set of 12 RBs and 2OS length. The preferred mapping is (int-hybrid), because it has the best diversity and enables averaging of the RS overhead between two OFDM symbols.



Figure 2 Possible interleaved mappings of sCCEs to sREGs 

The pros and cons of patterns from Figure 1 and 2 are summarized in the Table 3.

Table 3 Benchmarking the sCCE to sREG mapping patterns from Figure 2 and Figure 3
	Pattern
	FS gain
	Diversity gain
	CDM-T
DMRS pattern within a sCCE
	Averages RS overhead

	(non-int-freq-first)
	High
	poor
	
	

	(non-int-time-first)
	High
	poor
	x
	x

	(non-int-hybrid)
	High
	poor
	
	x

	(int-freq-first)
	moderate
	moderate
	x
	x

	(int-time-first)
	Poor
	high
	
	

	(int-hybrid)
	Poor
	high 
	
	x
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image3.emf
Agreement   •   A UE can be configured  to monitor at most two  sPDCCH RB set(s)   containing the sTTI  USS in an sTTI .   •   One sPDCCH candidate is contained within one RB set    


image4.emf
A greement :   •   A sPDCCH RB set can be configured with at least the following  information:   –   A set of RBs    •   EPDCCH PRB allocation is reused   –   Transmission scheme (e.g., CRS - based or DMRS - based)   •   FFS: Dependent on subframe type   –   Localized or distributed s CCE to sREG mapping  ( at least for CRS, and,  if supported DMRS - based  sPDCCH)   –   FFS: Localized or distributed sPDCCH candidate to sCCE mapping   –   Number of sPDCCH candidates/aggregation levels of the RB set   •   FFS: Same or different sPDCCH candidates for different s TTI index   –   Number of symbols for  sPDCCH   duration  at least  in case of CRS - based transmission   –   RS scrambling sequence (e.g., VCID) in case of DMRS - based transmission   –   FFS: other  information   (if needed)  


image5.emf
Agreement   •   An sREG consists of  1 RB   within 1 OFDM symbol   including REs for CRS   a nd/or DMRS   applied to CRS  based  sPDCCH  


image6.emf
Agreement :   •   The number of OFDM symbols per RB set for DMRS based sPDCCH for 1 - slot sTTI is 2   •   The number of OFDM symbo ls for DMRS based sPDCCH for 2/3 - symbol sTTI is   •   2 for 2 - symbol sTTI #1,2,3,4   •   FFS:  3 for 3 - symbol sTTI #1 and #5   •   FFS: sTTI#0  
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image1.emf
Agreement   •   SFBC is supported for CRS - based sPDCCH   •   FFS number of antenna ports   •   Single port DMRS - based sPDCCH   demodulation is supported   •   FFS bundling size   •   FFS if t wo   port DMRS - based sPDCCH   demodulation is supported   •   FFS b undling size  


image2.emf
Agreement   •   A CRS based sPDCCH RB set   can be configured to a UE by higher - layer signalling either with distributed or  localized mapping of sCCE to sREG   •   FFS definition of localized  mapping  


