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1 Introduction
The common search space (CSS) and UE specific search space (UESS) configuration and number of blind decodes need to be reconsidered for Release 10 features like:-

· Carrier Aggregation (CA)
· need for per component carrier (CC) CSS & UESS 
· cross carrier scheduling and its impact on UESS blocking
· UL MIMO ( new UL transmission mode

· Non-contiguous PUSCH resource allocation ( new UL transmission mode?
2 Search Space configuration and Blind Decodings
In Release 8, a UE needs to perform up to a maximum of 44 blind decodes (BD) over the CSS and UESS.  Only a single UL transmission mode is supported with DCI format 0.

44 BD – Release 8 – one UL transmission mode
CSS:     6BD - 0/1A/3/3A,     6BD - 1C

UESS: 16BD - 0/1A,            16BD - 1,1B,1D,2,2A (DL) – multiple DL DCI formats
One way to allow for new UL transmission modes for release 10 and later releases is to increase the maximum number of BD to 60 so that 16 BDs are available for UL modes.  
60 BD – Release 8 + multiple UL transmission modes
CSS:     6BD - 0/1A/3/3A,     6BD - 1C

UESS: 16BD - 0/1A,            16BD - 1,1B,1D,2,2A (DL)   16BD - 01,01B,02,02A (UL)
For carrier aggregation it is possible to reduce total BD by assigning only a single CSS per UE and relying on RRC signaling for communicating the other CC SIB1&2 [4].

Carrier aggregation with per CC UESS and 1 CSS (  #total BD =  #CC x (60-12) + 12

108 BDs – Carrier Aggregation – 2 CCs and no X-carrier scheduling
CSS:     6BD - 0/1A/3/3A,     6BD - 1C   ( CSS monitored only on one CC
UESS: 16BD - 0/1A,            16BD - 1,1B,1D,2,2A (DL)   16BD - 01,01B,02,02A (UL)  

When cross-carrier scheduling is not configured, UE monitors UESS in all CCs.

For carrier aggregation with cross-carrier scheduling (via CIF) we propose in [1] that UE does not monitor control region of cross-scheduled CCs.  On CCs that are configured with CIF (and are cross-scheduling CCs), it is suggested to avoid blocking (especially for 4 and 8 CCE UESS locations) by increasing #UESS search locations by 2x(3,3,2,2).  From UEs perspective the 2x(3,3,2,2) BD increase on a CIF CC is offset by 48 BD reduction on the corresponding cross-scheduled CC .  No CIF in CSS DCIs is proposed (see [1]) to minimize BD increase for CA and to enable a fall-back DCI during CIF reconfiguration.
80 BDs – Carrier Aggregation – 2 CCs with X-carrier scheduling (CIF)

60 BD + 20 BD (for extension of UESS on CIF CC by 2x(3,3,2,2))

CSS:     6BD - 0/1A/3/3A,     6BD - 1C     ( NO CIF in CSS DCIs
UESS: 16BD - 0/1A,     16BD - 1,1B,1D,2,2A (DL)   16BD - 01,01B,02,02A (UL)  (CIF)
Table 1 shows the maximum number of BD that need to be performed per release 8 and potential release 10 UE categories.  Note that the CA categories could be further divided into sub-categories to indicate the number of UE tx and rx antennas per CC.  Carrier aggregation with 2 carriers requires a maximum number of BD of 80 (1 UESS) or 108 (2 UESS) depending if cross-carrier scheduling is used.  For CA UE categories with more than 3 CCs, if required, the maximum number of BD can be limited to ~220 by restricting the number of UESS locations in some CCs. Furthermore, since it is unlikely that more than 3 CCs are aggregated for UL [5], the extra UESS locations needed for signaling new UL MIMO mode related DCI formats may not be needed in more than 3 DL CCs  
Table 1 – Maximum Number of BD per Rel-8 and potential Rel-10 UE Categories
	UE Category
	#BD

	1-5) Release 8
	44

	6)   Release 10 - UL MIMO
	60

	7)   Release 10 - CA with 2CCs**   (1 UESS, 1 CSS,  XCS in 1 CC)
	80

	8)   Release 10 - CA with 2CCs**   (2 UESS, 1 CSS,  no XCS)
	108

	9)   Release 10 - CA with 3CCs**   (3 UESS, 1 CSS,  no XCS)
	156

	10) Release 10 - CA with 5CCs** (3+2 UESS, 1 CSS,  ≤3 XCS CC)
	220*


* Assumes UE monitors smaller UESS 2*(6,6,2,2) in 2 CCs
** can include Non-contiguous PUSCH RA transmission mode and/or UL MIMO trans. mode
(Note: 48 BD per UESS,   12BD per CSS,   20BD per XCS CC is offset by -48 BD of CFI CC )
3 Conclusion
Changes to the UESS and CSS configuration to minimize max #BD (as shown in Table 1) while supporting new release 10 and post release 10 features are proposed:

1. Increase max #BD from 44 to 60 to allow unlimited UL transmission modes.
2. For cross carrier scheduling only use CIF for UESS DCI and not for CSS DCI [1].
3. UE does not monitor UESS (or CSS) in its cross carrier scheduled CCs [1].
4. Increase BD per CIF CC by 2x(3,3,2,2) to avoid blocking in the control region.
5. UE monitors one CSS and obtains SIB1&2 of other CCs via RRC signaling.
6. For CA UE categories with > 3 CCs restrict #UESS monitored in some CCs. 
7. Non-contiguous (and contiguous) PUSCH resource allocation transmission mode to be supported in CA UE categories.  Type 0/1 RA modes can be reused [2]. 
8. If falsing is an issue for Rel-10 DCIs then virtual CRC bits may be added [3].
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ANNEX A – PDCCH DCI Example and Link Performance
For 50 RBs:
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0    - PUSCH data assignments for single codeword using a compact format
1    - PDSCH data assignments for single codeword
1A - PDSCH data and control assignments for single codeword using a compact format
1B - PDSCH data assignments for rank-1 transmission
1C - PDSCH control assignments using a very compact format
1D - PDSCH data assignments for multi-user MIMO
2    - PDSCH data assignments for closed-loop MIMO operation
2A - PDSCH data assignments for open-loop MIMO operation
3    - TPC for multiple users for PUCCH/PUSCH with 2-bit power adjustments
3A - TPC for multiple users for PUCCH/PUSCH with 1-bit power adjustments

01 – PUSCH data assignment for single codeword supporting contiguous & non-contiguous resource allocation via Type 0/1 RA modes
01B – PUSCH data assignment for rank-1 transmission

02 – PUSCH data assignment for closed-loop MIMO operation

02A – PUSCH data assignment for open-loop MIMO operation
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Figure 1 – BLER Link Curve for DCI format 1A – 5MHz (41-bits), 8CCE, ETU 3kmph, real chest
