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1   Introduction
Several aspects of EPDCCH and PDSCH multiplexing were discussed in RAN1#68 and the following was agreed: 

· EPDCCH messages span both first and second slots with a restriction on the maximum number of TrCH bits receivable in a TTI (to allow a relaxation of the processing requirements for the UE). 

· Details of how and when to restrict the maximum number of TrCH bits receivable in a TTI are FFS (for example when RTT > 100us (FFS) or according to UE capability (FFS))
· Multiplexing of PDSCH and ePDCCH within a PRB pair is not permitted
 Several contributions discussed TrCH restrictions in RAN1#69([2-11]). In this contribution we provide our views on the TrCH restriction. This document is an update of R1-122664 [11] and R1-123787[12].
2 Restrictions with EPDCCH

With EPDCCH, the restriction on max TrCH bits (i.e. PDSCH) is expected to allow relaxation of the UE processing with restriction based as RTT value (or TA value) or according to UE capability. Typically, the UE PDSCH processing time may be given as [1]
Tproc = 3Ts - TTA – TEPDCCH
where Ts is the subframe duration (1ms), TTA is the timing advance value; TEPDCCH is the EPDCCH decoding time.  
The UE processing complexity is dimensioned according to the most stringent PDSCH processing constraint which typically means support of the peak data rate (e.g. 300 Mbps for Cat 6 UE) at the cell edge of the largest supported cell size (i.e. 100 km cell corresponding to a TTA, max= 0.66 ms). Nonetheless, for Rel-10 (with early PDCCH decoding benefit), at least 3Ts-TTA, max = 2.33 ms budget is always available for PDSCH processing time. 

One of the main motivations for considering a TrCH restriction for EPDCCH is to ensure maximum reuse of existing Rel-10 PDSCH processing design. Thus, the restriction should be providing relaxation to all UE categories.  Also given that in practice, cell edge UE being scheduled with peak data rate is highly unlikely a simple restriction that incurs no signalling overhead and no perceptible impact in typical deployments is highly preferred.

TA Restriction

With the EPDCCH design (and loss of early decoding) the PDSCH processing constraint becomes even more severe because of additional time taken for EPDCCH decoding. Given that cell edge UEs are unlikely to be scheduled with the peak data rate, it is then desirable to not make UE processing constraint even more severe. Therefore, the additional EPDCCH decoding time may be obtained by restricting the TA value at which the UE supports the peak data rate. For e.g. supporting the peak data rate for only up to 15 km cell radius, implies a TA value of 0.1ms (NTA = 3072), and thus the extra time available (0.667 – 0.1 = 0.567 ms) from  100 km →15km is used for EPDCCH decoding, and thus resulting in PDSCH processing time comparable to Rel-10. 
Proposal 1: A Rel-11 UE (of a given category) supports reception of “maximum number of transport block bits within a TTI” for only up to 15 km cell radius (i.e., Timing Advance <= 100us or equivalently NTA <=3072) when EPDCCH is used.

Next, the supported peak data rate when TA exceeds 0.1ms is considered. This data rate should be determined assuming the largest TA value (0.667 ms, 100 km cell), and the EPDCCH decoding time (0.5 ms), and a PDSCH processing time of 1.83 ms, a second PDSCH processing constraint. Since the decoding time is reduced, the supported peak rate should also be reduced to avoid adverse impact on hardware design. 

Ideally, for Rel-10 reuse, the primary constraint (PDSCH processing capacity with 2.33ms) should be sufficient and the second constraint (with 1.82 ms) should not further limit design choice. Assuming that PDSCH processing time is roughly linearly related to supported data rate, then for 1.83 ms processing time, the supported peak rate is ~ (1.83/2.33) or 78% of the corresponding UE category peak rate. In practice, this assumption may not hold true and both processing constraints (PDSCH processing capacity with 2.33ms and 1.83 ms) might come into play, affecting hardware design. Therefore, it is desirable to provide some margin (e.g. 25%) to make the second constraint relaxed vis-à-vis the primary constraint. We therefore propose 60% (approximately 0.75 x 78%) of the corresponding UE category peak rate as supported peak rate when TA >100us.
Proposal 2: If NTA> 3072 (or Timing Advance > 100us), then the maximum number of transport block bits receivable in a TTI for a Rel-11 UE of a given category is restricted to [0.6] * “maximum number of transport block bits within a TTI” when EPDCCH is used.

Table 1 shows the supported peak rate vs. TA constraint as a percentage relative to UE category peak rate.
Table 1 - Restriction on maximum number of TrCH bits receivable in a TTI scheduled by EPDCCH
	TA constraint
	Supported Peak Rate relative to the UE category peak rate

	0<=TTA<=0.1ms
	100% 

	0.667>=TTA >0.1ms
	60 %


The TrCH restriction (for TTA >0.1ms) should also provide relaxation for UEs implementing CA. In Table 2, we show the Restricted Peak Data Rate with EPDCCH for UE Categories 3,4,6/7 (other UE categories are not shown for brevity).

Table 2 - Restricted Peak Data Rate for aggregated for some UE Categories for EPDCCH
	UE Category
	UE Category Peak Rate
	Restricted Peak Data Rate with EPDCCH (when TA > 0.1 ms)

	3
	100 Mbps
	60 Mbps 

	4
	150 Mbps
	90 Mbps 

	6/7
	300 Mbps
	180 Mbps  (e.g. CC1=150 Mbps, CC2=30 Mbps)


Considering the case of Cat 6/7 with two component carriers in Table 2, if the Cat-6/7 UE is obtained by assembling two Cat-4 transceivers (each providing 150 Mbps with PDCCH) the restriction in Proposal 2 does not provide any relaxation as each transceiver (designed as Cat 4) has to still deliver 150 Mbps with EPDCCH. Thus, the TrCH restriction, if applied to only the aggregated CCs provides no relaxation for each of the two transceivers. Therefore, a restriction should be placed also on a per-CC level at least for Cat-6/7, where maximal hardware reuse (Cat6/7 = 2 x Cat 4) is expected, by limiting per-CC restricted peak rate to 50% of the corresponding aggregate Restricted Peak Data Rate, i.e. each CC in Cat 6/7 UE supports restricted peak rate of 180 * 0.5 = 90 Mbps when EPDCCH is used. Other combinations (UE-category/Number of component carriers signalling) can be handled using same approaches as Rel-10 CA soft buffer determination (Sec 5.1.4.1.2 of 36.212).
The Per-CC restriction may not be crucial for UE Categories 1-5.  However, with per-CC restriction, Cat-6/7 design can definitely become simpler as Cat-4 design supporting EPDCCH can be reused in Cat-6/7 hardware supporting EPDCCH. The per-CC scaling factor could be chosen to be e.g. (1/max(Ncc,x)) (e.g. instead of 0.5), where Ncc is the number of configured component carriers, x is a category dependent value e.g. as mentioned in [9] and x is equal to Kc as defined in Rel-10 CA soft buffer determination (Sec 5.1.4.1.2 of 36.212).

Proposal 3: At least for Rel-11 UE category 6/7, if NTA> 3072 (or Timing Advance > 100us), the maximum number of transport block bits receivable per serving cell in a TTI is further restricted to [0.6]*[0.5]*maximum number of transport block bits within a TTI when EPDCCH is used.
UE capability Signalling
An alternative to TA restriction is to use UE capability signalling where the UE indicates its processing capability to the network. Note further that UE capability signalling increases overhead. Also given that in practice, cell edge UE being scheduled with peak data rate is highly unlikely a simple TA restriction as shown in Table 1 should be sufficient as it incurs no signalling overhead and no perceptible impact in typical deployments. While other restrictions such as a limit on the maximum number of resource blocks receivable within a TTI may also be possible, it is preferable to use a simple data rate restriction. 

Although our preference is to not introduce additional signalling, we would be OK with introducing a capability that allows the UEs which do not want to implement the TB restriction to indicate this to the network, as proposed in [70-18] email discussion. Finally, using skip decoding behavior for the case where the TA/TB value exceed the thresholds is sufficient (given it is already in the spec) unless there are significant advantages for the behavior in R1-123856. Accordingly, the following proposal was made in the email discussion on this topic [70-12].
Proposal
·       If UE signals “No TB restriction with EPDCCH” capability to the network,
o   no restriction on TB size for a PDSCH assigned by EPDCCH
·       otherwise,
o   If N_TA <= 3072 (i.e. <= 15km from eNB)

§  No restriction on TB size for a PDSCH assigned by EPDCCH

o   If N_TA > 3072 ((i.e. > 15km from eNB)
§  The max TB size value for a PDSCH assigned by EPDCCH is K/x where K is “Maximum number of bits of a DL-SCH transport block received within a TTI” and x=3. If the UE receives a TB size larger than max TB size value, the UE may skip decoding that TB (i.e., it may send NACK for that TB)
Conclusions

We propose the following for TrCH restrictions when EPDCCH is used: 
Proposal 1: A Rel-11 UE of a given category supports reception of “maximum number of transport block bits within a TTI” for only up to 15 km cell radius (i.e., Timing Advance <= 100us or equivalently NTA <=3072) when EPDCCH is used.

Proposal 2: If NTA> 3072 (or Timing Advance > 100us), then the maximum number of transport block bits receivable in a TTI for a Rel-11 UE of a given category is restricted to [0.6] * “maximum number of transport block bits within a TTI” when EPDCCH is used.

To simplify Cat-6/7 implementations supporting CA (by reusing two Cat 4 transceivers) a per-CC restriction on TrCH is also proposed for at least Cat 6/7 UEs. 
Proposal 3: At least for Rel-11 UE category 6/7, if NTA> 3072 (or Timing Advance > 100us), the maximum number of transport block bits receivable per serving cell in a TTI is further restricted to [0.6] *[0.5]*maximum number of transport block bits within a TTI when EPDCCH is used.
The following alternative was proposed in the post-RAN1#70 email discussion if it is agreed to introduce a capability that allows the UEs which do not want to implement the TB restriction to indicate this to the network :
·       If UE signals “No TB restriction with EPDCCH” capability to the network,
o   no restriction on TB size for a PDSCH assigned by EPDCCH
·       otherwise,
o   If N_TA <= 3072 (i.e. <= 15km from eNB)

§  No restriction on TB size for a PDSCH assigned by EPDCCH

o   If N_TA > 3072 ((i.e. > 15km from eNB)
§  The max TB size value for a PDSCH assigned by EPDCCH is K/x where K is “Maximum number of bits of a DL-SCH transport block received within a TTI” and x=3. If the UE receives a TB size larger than max TB size value, the UE may skip decoding that TB (i.e., it may send NACK for that TB)
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