Page 4
Draft prETS 300 ???: Month YYYY
3GPP TSG-RAN WG1 Meeting #89	R1-1708862
Hangzhou, P.R. China, 15th – 19th May 2017

Agenda Item:	6.2.1.2.2.2
Source:	Ericsson
Title:	Design aspects of sPDCCH
Document for:	Discussion, Decision
Introduction
The TR [1] has the following conclusions related to sPDCCH:
A specific DL control channel sPDCCH (PDCCH for short TTI) needs to be introduced for short TTI. Each short TTI on DL may contain sPDCCH decoding candidates. From resource utilization perspective, sPDSCH assigned by a sPDCCH can be mapped to resources that are left unused by any sPDCCH. CRS-based sPDCCH is recommended to be supported. DMRS-based sPDCCH is recommended to be supported.

In RAN1#86 the following was agreed in [2]:
· Legacy PDCCH can be used to transmit sDCI (DCI for sPDSCH and/or sPUSCH) .
· QPSK is used for sPDCCH.
· Tail biting convolutional coding is used for sPDCCH.
· For CRS-based sPDCCH, 
· In time domain,
· sPDCCH is transmitted from the first OFDM symbol within an sTTI
· sPDCCH is not mapped to the PDCCH region.
· FFS number of OFDM symbols of the sPDCCH
· Frequency resource for sPDCCH can be informed by eNB. 
In RAN1#88bis the following agreements and working assumptions were defined:
· Agreements:
· An sREG consists of 1 RB within 1 OFDM symbol including REs for CRS and/or DMRS applied to DMRS based sPDCCH
· The number of OFDM symbols per RB set for CRS based sPDCCH for 2/3-symbol sTTI is 1 or 2 configured by higher layer
· FFS: 
· UE capability on: The HARQ Ack/UL grant timing dependent on the number of configured symbols for CRS based sPDCCH 
· The number of OFDM symbols per RB set for CRS based sPDCCH for 1-slot sTTI is 1 or 2 configured by higher layer.
· FFS: 3 OFDM symbols
· RAN1 will not pursue CDM-F based DMRS pattern for sPDCCH
· Working assumptions:
· An sREG consists of 1 RB within 1 OFDM symbol including REs for CRS and/or DMRS applied to CRS based sPDCCH (To be confirmed by RAN1#89)
· A sPDCCH RB set can be configured to a UE by higher-layer signalling either with distributed or localized mapping of sCCE to sREG
· FFS if more than one set can be distributed/localized
· A UE can be configured with one or two sPDCCH RB set(s) containing the UE’s user-specific sTTI search space.
· FFS whether more than two can be configured to a UE (To be confirmed by RAN1#89)
In this contribution, we further outline how the sPDCCH physical layer mapping is performed per sTTI based on these agreements and working assumptions. 
[bookmark: _Ref178064866]Discussion
During the SI it was concluded to support both CRS and DMRS based transmission of sPDCCH. Although the designs for doing this could be different for DMRS and CRS based transmissions based sPDCCH, it is desirable to analyse whether a common design for DMRS and CRS-based sPDCCH is feasible.
CRS and DMRS operation in the same sTTI
To allow more efficient resource usage, resource elements of a PRB in a given sTTI may be shared between sPDCCH of different UEs. An aspect to consider is whether or not UEs with CRS- and DMRS-based demodulation of sPDCCH can share the same PRB in the same sTTI. From the eNB perspective it will always be possible to configure one UE to operate with CRS-based demodulation and a second UE to operate with DMRS based demodulation on sPDCCH. These UEs can have their sPDCCH sent in the same TTI but it may not be resource-efficient for CRS-based users and DMRS-based users to have their sPDCCH in the same PRB. Indeed, these users have different overhead and thus see a different number of usable resource elements in a PRB for sPDCCH or sPDSCH. Using the same PRB for sPDCCH candidates of CRS and DMRS users makes the utilization of resources left unused by sPDCCH for sPDSCH more complicated. The design can be simplified if a PRB is shared between users with the same demodulation method, i.e. only between users with CRS based demodulation, or only between users with DMRS based demodulation. However, PRB sharing between CRS and DMRS UE is not carried out for sPDCCH.
 
The eNB shall be able to operate UEs configured with different control channel demodulation assumptions within the same sTTI 
[bookmark: _Toc462726549][bookmark: _Toc462733834][bookmark: _Ref462741486][bookmark: _Toc462742565][bookmark: _Toc462743254][bookmark: _Toc462743714][bookmark: _Toc462744228][bookmark: _Toc462744791]Sharing of resources within a PRB can be done between UEs operating with CRS, and between UEs operating with DMRS based demodulation
The design for sPDCCH is not optimized to support coexistence of UEs using CRS-based demodulation and UEs using DMRS-based demodulation in the same PRB 
 
sPDCCH Configuration
In RAN1#88bis, it has been agreed that the number of OFDM symbols per PRB set for CRS-based sPDCCH for 2/3-symbol sTTI and slot-sTTI is 1 or 2 configured by higher layer. One symbol sPDCCH enables to exploit frequency diversity with low aggregation level.
For DMRS-based SPDCCH with 2os sTTI, with a design based on DMRS pairs in time domain, a 2 symbols sPDCCH is preferred, since UEs need anyway to wait for the end of sTTI for channel estimation. In that case DMRS is thus not shared between sPDCCH and sPDSCH in a given PRB of the sTTI. This gives more freedom for applying beamforming for sPDCCH. Furthermore, for some sTTI in a subframe the TTI length is 3 symbols instead of 2 symbols, as visible on the DL pattern agreed in RAN1#87 [3]. To allow beamforming flexibility, a 3 symbol sPDCCH can be considered for the 3-symbol long sTTI. 
For DMRS with 1-slot sTTI, a 2 symbols sPDCCH is suitable. Separate DMRS for 1-slot TTI is preferred to be able to do channel estimation for sPDCCH and early sPDCCH decoding. Nevertheless, 3 OFDM symbol sPDCCH is also suitable for 1-slot sTTI for those cases with only few REs available within the first 2 symbols in the slot due to reference signals and other kind of overhead.
If Proposal 2 is agreed as a principle, all REs of a PRB in a given sTTI can be used for sPDCCH at the exception of:
· The REs used by the cell configured CRS
· The REs used by the cell configured non-zero power and zero power CSI-RS
· The REs used by the (UE-specific) DMRS known to this UE
A UE using CRS-based demodulation will see more REs usable for sPDCCH than a UE using DMRS-based demodulation.

Support 2 OFDM symbols for DMRS-based sPDCCH transmissions for slot sTTI 
For the case of only few REs available within the first 2 OFDM symbols in a slot, support 3 OFDM symbols for DMRS-based sPDCCH transmissions for slot sTTI
Support the same number of OFDM symbols for DMRS-based sPDCCH transmissions as contained in the DL short TTI for 2os sTTI

[bookmark: _Toc462726029][bookmark: _Toc462726550][bookmark: _Toc462733836][bookmark: _Toc462726169][bookmark: _Toc462726554][bookmark: _Toc462733840][bookmark: _Toc462742569]sPDCCH mapping
As agreed in RAN1#88bis, an sREG consists of 1 PRB within 1 OFDM symbol including REs for CRS and/or DMRS applied to DMRS-based sPDCCH. Considering a common sREG definition for CRS-based sPDCCH and DMRS-based sPDCCH, an sREG consists of 1 PRB within 1 OFDM symbol should be also defined for CRS-based sPDCCH.

Confirm the working assumption: an sREG consists of 1 PRB within 1 OFDM symbol including REs for CRS and/or DMRS applied for CRS-based sPDCCH

Assuming that sPDCCH spans only the first OFDM symbol of a 2 symbol sTTI and that an sCCE is composed of 36 REs like an ECCE or a CCE, 3 PRBs are needed to build a sCCE (i.e. 3 sREG). These 3 PRBs can be distributed over the sPDCCH-PRB-set or can be localized as three consecutive PRBs. In Figure 1, an example of distributed and localized configurations are depicted for 4 sCCEs and 1 OFDM symbol sPDCCH (the unused PRBs shown in Figure 1 can be further assigned for building other sCCE as well as the possibility to be used for sPDSCH allocation).
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Figure 1 Distributed and Localized configurations for 4 sCCE composed of 3 sREGs each within a 1os-sPDCCH-PRB-set consisting of 18 PRBs

The same considerations described above for 1 OFDM symbol sPDCCH can be extended for 2 OFDM symbols sPDCCH. 2 OFDM symbols are suitable for CRS-based sPDCCH transmissions over poor channel conditions or for the short TTI operation within a small frequency region. Likewise, as mentioned, 2 OFDM symbols sPDCCH is more suitable for DMRS-based transmissions. 
If three sREG are needed to build an sCCE, there are two mapping options to be considered for 2 OFDM symbol sPDCCH. These options including an example of distributed and localized configurations are depicted for 4 sCCEs and 2 OFDM symbols sPDCCH in Figure 2 (the unused PRBs shown in the Figure can be further assigned for building other sCCE as well as the possibility to be used for sPDSCH allocation). 
In option A (Figure 2-left), the sREG forming an sCCE are selected in the order: time-first-frequency-second. Thus, it is possible to utilize from the beginning the 2 OFDM symbols available per PRB. However, option A comprises a low frequency diversity of the sREG in a distributed configuration. On the other hand, in option B (Figure 2-right), the sREG forming an sCCE are selected in the order: frequency-first-time-second. With option B, higher frequency diversity of the sREG can be achieved. For both options, the localized configuration comprises same conditions.

Selecting the sREG forming an sCCE in the order frequency-first-time-second, higher frequency diversity can be achieved
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Figure 2 Distributed and Localized configurations for 4 sCCE composed of 3 sREGs each within a 2os-sPDCCH-PRB-set. Option A: Time-first-frequency-second. Option B: Frequency-first-time-second

As described above, the actual number of REs in a sREG usable for sPDCCH may be variable depending on the presence of the already mentioned reference signals. Based on this, the eNB should carefully select an appropriate aggregation level based on the presence of other signals in a given sTTI. For the case of high overhead of reference signals, a minimum aggregation level of 2, i.e. 2 sCCE, could be considered assuming that an sCCE is defined as 3 sREG. Thus, and as depicted in Figure 2, three full PRB are utilized for 2 sCCE.

[bookmark: _Toc462726558][bookmark: _Toc462742563][bookmark: _Toc462743710][bookmark: _Toc462744224][bookmark: _Toc462744787]The number of usable REs within one sREG may be different depending on the presence of reference signals within the sTTI
A higher aggregation level can cope with high RS overhead

For DMRS-based sPDCCH, a further option to consider in order to increase the number of REs available within 2 OFDM symbols SPDCCH is that an sCCE is defined to be composed by 48 REs instead of 36 REs, i.e. 1 sCCE = 4 sREG. The 12 additional REs help compensating the DMRS overhead compared to CRS based sPDCCH. Therefore, for 2 OFDM symbol sPDCCH, an sCCE is composed of 2 full PRB, as shown in Figure 3. Figure 3 shows an example of distributed and localized configurations for 4 sCCEs (the unused PRBs shown in the figure can be further assigned for building other sCCE as well as the possibility to be used for sPDSCH allocation).

One sCCE is composed by 36 REs, i.e. 3 sREG, for 1os and 2os CRS-based sPDCCH 
One sCCE is composed by 48 REs, i.e. 4 sREG (2 full PRB), for 2os DMRS-based sPDCCH 
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Figure 3 Distributed and Localized configurations for 4 sCCE composed of 4 sREGs each within a 2os-sPDCCH-PRB-set of 18 PRBs.   

As described in proposals 5 and 6, a 3 OFDM symbols sPDCCH based on DMRS-based transmission can be also considered for both 2os-sTTI (for the 3 symbols sTTI case) and slot-sTTI (with high reference signal overhead). Thereby, 1 sCCE composed of 3 sREG can be built with one full PRB along 3 symbols. Figure 4 shows an example of distributed and localized configurations for 4 sCCEs and 3 OFDM symbols sPDCCH. 
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Figure 4 3os-sPDCCH configuration with 4 sCCE: one sCCE = 3 sREG, i.e. 1 full PRB of 3 OFDM symbols

sPDCCH-PRB-set configuration
In RAN1#86bis, a working assumption has been defined so that a UE can be configured by higher-layer signalling with one or two sPDCCH-PRB-set(s) containing the UE’s user-specific sTTI search space. As described in previous section, the PRB-set(s) can be configured either localized or distributed. With localized configuration, the sREGs building the same sCCE are localized in frequency domain to allow for a sPDCCH resource allocation confined in a limited frequency band. This exploits scheduling and beamforming gains for DMRS-based sPDCCH when CSI is available at the eNB. Therefore, it is then preferred to configure at least one PRB-set as localized for DMRS-based sPDCCH. Nevertheless, to provide robust control signalling and fallback when CSI is limited or unavailable, a second PRB-set should be configured as distributed for DMRS-based sPDCCH. For CRS-based sPDCCH, it is then preferred to configure at least one PRB-set as distributed in order to achieve frequency diversity gains.

[bookmark: _Toc462743255][bookmark: _Toc462733835][bookmark: _Toc462742566][bookmark: _Toc462743715][bookmark: _Toc462744229][bookmark: _Toc462744792]Confirm the working assumption: A sPDCCH RB set can be configured to a UE by higher-layer signalling either with distributed or localized mapping of sCCE to sREG
· The choice of whether to use distributed or localized sREGs location should be configurable by the eNB
Confirm the working assumption: A UE can be configured with one or two sPDCCH RB set(s) containing the UE’s user-specific sTTI search space
· At least one sPDCCH-PRB-set is configured as distributed for CRS-based sPDCCH
· DMRS-based sPDCCH is configured with one localized and one distributed sPDCCH-PRB-set

Each sPDCCH-PRB-set is composed by a group of PRBs. The number of PRBs should be well defined, so high order diversity can be achieved as well as excessive overhead is avoided. For that, the eNB should have full flexibility in order to define a proper sPDCCH-PRB-set size for each UE.
 
The number of PRBs in a sPDCCH PRB-set should be well defined, so high order diversity can be achieved as well as excessive overhead is avoided

In our companion paper about search space for sTTI [4], it is discussed that the same sPDCCH-PRB-set can be shared among different UEs, where each UE supports up to three aggregation levels {1, 2, 4} and up to four sPDCCH candidates. As proposed in [4], the low aggregation levels, i.e. AL 1 and 2, comprise up to three sPDCCH candidates and the high aggregation level, i.e. AL 4, up to two candidates (with the possibility of supporting only one AL 4 candidate). If three candidates are configured for AL 2, it requires that the UE’s sPDCCH-PRB-set contains at least 6 sCCE. On the other hand, if two candidates of aggregation level 4 are considered, it requires that the UE’s sPDCCH-PRB-set contains at least 8 sCCE.

The UE’s sPDCCH-PRB-set should contain at least as many sCCE as required to support the maximum number of sPDCCH candidates defined per aggregation level per UE

Likewise, if the same sPDCCH-PRB-set is configured for multiple UEs and each UE is configured at least with one high AL candidate, i.e. AL 4, the PRB-set size could contain as many sCCE as required to support eventually each UE with such aggregation level sPDCCH. However, this obviously can lead to an excessive sPDCCH overhead along the available frequency bandwidth. For that, the eNB should carefully configure the number of UEs sharing the same sPDCCH-PRB-set.

If the same sPDCCH-PRB-set is configured for multiple UEs, the sPDCCH-PRB-set should support only a limited number of simultaneous UEs with a high AL sPDCCH in the same sTTI. 

Hence, we propose to define the sPDCCH-PRB-set size based on at least containing the number of sCCEs required to support the number of sPDCCH candidates defined per aggregation level per UE as well as to support, if needed, a limited number of UEs with a high aggregation level sPDCCH, i.e. AL 4, in the same sTTI (if the sPDCCH-PRB-set is shared between multiple UEs). Also, the sPDCCH-PRB-set size is based on the number of OFDM symbols per sPDCCH and the number of sREG per sCCE.
The sPDCCH-PRB-set size () is defined as the relation between the number of sCCE to be supported (), the number of sREG per sCCE () and the number of OFDM symbols per sPDCCH () as follows.


			
 is based on the number of sCCE required to support the maximum number of sPDCCH candidates defined per aggregation level per UE and to support, if needed, a limited number of simultaneous UEs with a high aggregation level sPDCCH, e.g. AL 4, in the same sTTI (if the sPDCCH-PRB-set is shared between multiple UEs). 
Taking into account the case of , e.g. for the case of supporting two candidates of aggregation level 4 for a UE, the UE’s sPDCCH-PRB-set sizes considering 1os, 2os and 3os sPDCCH as well as 1 sCCE = 3 sREG and 4 sREG are shown in Table 1. As can be observed in Table 1, supporting 8 sCCE within a UE’s sPDCCH-PRB-set leads to a somewhat high sPDCCH overhead. For instance, a PRB-set size of 24 PRBs is needed for the case of 1os-sPDCCH. Therefore, it becomes obvious that the  will be also based on different aspects, such as the system bandwidth.

 will be also based on different cases or aspects such as the system bandwidth

Table 1 UE’s sPDCCH-PRB-set size for the case of  and considering 1os, 2os and 3os sPDCCH as well as 1 sCCE = 3 sREG and 4 sREG
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Increasing sPDCCH CRC length
There have been proposals about increasing the sPDCCH CRC length from 16 to 24 bits. This is motivated by the lower rate of false detection, and to avoid additional pruning algorithms in the UE to mitigate this. A longer CRC has some impact on the control channel performance.
Figure 5 shows sPDCCH BLER for sPDCCH of AL1 in 10 MHz system bandwidth with an sPDCCH-PRB-set size of 18 PRBs, assuming the distributed and localized configurations for the sCCE0 depicted in Figure 1. Results for an EVA channel (left) and for an ETU channel (right) both at 3 km/h are depicted in Figure 5. The figure shows simulations both for the standard 16 bits CRC, as well as performance when 8 additional bits are used, i.e. 24 bits CRC. As can be observed, 24 bits CRC will increase the code rate and BLER, which leads to a loss of about 1.5-2 dB.
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Figure 5. Link performance of different sREG mappings for one sCCE sPDCCH. EVA on the left, ETU on the right. Both plots include curve sets with different payloads of 14 and 34 bits excluding CRC, and with CRC length 16 or 24 bits.

The loss in demodulation performance may be compensated by using higher aggregation levels, but this may then lead to more scheduling restrictions, and larger control overhead.

The benefits from increasing the sPDCCH CRC length need to be compared with the SNR loss resulting from the increased coding rate

Conclusion
In this contribution, we discuss the design of sPDCCH and have the following observation:
1. Selecting the sREG forming an sCCE in the order frequency-first-time-second, higher frequency diversity can be achieved
1. The number of usable REs within one sREG may be different depending on the presence of reference signals within the sTTI
1. A higher aggregation level can cope with high RS overhead
1. The number of PRBs should be well defined, so high order diversity can be achieved as well as excessive overhead is avoided
1. The UE’s sPDCCH-PRB-set should contain at least as many sCCE as required to support the maximum number of sPDCCH candidates defined per aggregation level per UE
If the same sPDCCH-PRB-set is configured for multiple UEs, the sPDCCH-PRB-set should support only a limited number of simultaneous UEs with a high AL sPDCCH in the same sTTI. 
 will be also based on different cases and aspects such as the system bandwidth
1. [bookmark: _GoBack]The benefits from increasing the sPDCCH CRC length need to be compared with the SNR loss resulting from the increased coding rate
Based on the discussion in section 2 we propose the following:
1. The eNB shall be able to operate UEs configured with different control channel demodulation assumptions within the same sTTI 
1. Sharing of resources within a PRB can be done between UEs operating with CRS, and between UEs operating with DMRS based demodulation
1. The design for sPDCCH is not optimized to support coexistence of UEs using CRS-based demodulation and UEs using DMRS-based demodulation in the same PRB 
1. Support 2 OFDM symbols for DMRS-based sPDCCH transmissions for slot sTTI 
1. For the case of only few REs available within the first 2 OFDM symbols in a slot, support 3 OFDM symbols for DMRS-based sPDCCH transmissions for slot sTTI
1. Support the same number of OFDM symbols for DMRS-based sPDCCH transmissions as contained in the DL short TTI for 2os sTTI
1. Confirm the working assumption: an sREG consists of 1 PRB within 1 OFDM symbol including REs for CRS and/or DMRS applied for CRS-based sPDCCH
1. One sCCE is composed by 36 REs, i.e. 3 sREG, for 1os and 2os CRS-based sPDCCH 
1. One sCCE is composed by 48 REs, i.e. 4 sREG (2 full PRB), for 2os DMRS-based sPDCCH 
Confirm the working assumption: A sPDCCH RB set can be configured to a UE by higher-layer signalling either with distributed or localized mapping of sCCE to sREG
· The choice of whether to use distributed or localized sREGs location should be configurable by the eNB
Confirm the working assumption: A UE can be configured with one or two sPDCCH RB set(s) containing the UE’s user-specific sTTI search space
· At least one sPDCCH-PRB-set is configured as distributed for CRS-based sPDCCH
· DMRS-based sPDCCH is configured with one localized and one distributed sPDCCH-PRB-set
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