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1 Introduction

R13 eMTC discussion was basically finalized in RAN1 #83 meeting, and the draft RAN1 CRs on the introduction of R13 eMTC were discussed by email after the meeting for approval. However, in order for R13 eMTC to be functional for TDD, there are still some remaining issues to be concerned, such as the usage of special subframes for MPDCCH and the UL/DL DAI definition. In this contribution, we discuss the remaining issues on the introduction of supporting TDD for R13 eMTC.
2 The usage of special subframes for MPDCCH
For the current TDD uplink-downlink configurations, there are at least 2 downlink subframes in one frame which account for only 20% of the subframes. For special subframe configurations that have larger than 3 symbols DwPTS duration, special subframes should also be able to be configured as valid subframes for MPDCCH to have a minimum transmission delay. And the following agreement allows MPDCCH using special subframes as the default behavior [1]:

· When valid DL subframe indication is not provided by SIB1bis, the default behavior is:

· MBSFN configuration is given in MTC-SIB2

· For broadcast PDSCH other than SIB1bis/MTC-SIB2, M-PDCCH, and unicast PDSCH, only non-MBSFN subframes are considered as valid subframe. 

However, there are issues to be discussed on how to use the special subframes for MPDCCH.
2.1 The special cases of ALs and the number of monitored candidates for MPDCCH
The number of EREGs per ECCE,
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. MPDCCH is constructed within 2,4,2+4 PRB pairs in which the ECCE numbers are also listed in Table 1.
Table 1 Number of EREGs per ECCE and number of ECCEs in the same number of PRB pairs

	
	Normal cyclic prefix
	Extended cyclic prefix

	
	Normal subframe
	Special subframe, configuration 3, 4, 8
	Special subframe, configuration 1, 2, 6, 7, 9
	Normal subframe
	Special subframe, configuration 1, 2, 3, 5, 6

	Number of EREGs per ECCE 
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	4
	8

	Number of ECCEs per PRB pair 
	4
	2

	Number of ECCEs within 2 PRB pairs
	8
	4

	Number of ECCEs within 4 PRB pairs
	16
	8

	Number of ECCEs within 2+4 PRB pairs
	24
	12


The number of ECCEs per PRB pair could be 4 or 2 depending on special subframe configuration and CP type. The ALs and the number of monitored candidates for MPDCCH agreed in RAN1 #83 and captured in [2] are suitable for 4 ECCEs per PRB. When they are applied for some special cases with 2 ECCEs per PRB, e.g. for MPDCCH transmitted in a special subframe of configuration 1, 2, 6, 7, 9 and normal CP, or MPDCCH transmitted in one or more subframes of extended CP, there would be the following problems:
· For MPDCCH UE-specific search space, the total number of monitored candidates in a subframe would be rather less because:
· If the UE is monitoring MPDCCH with repetition number >1 and MPDCCH-PRB-set size is 2, or the UE is monitoring MPDCCH within 2 PRB pairs and MPDCCH-PRB-set size is 2+4, the candidates with AL>4 cannot be monitored.
· If the UE is monitoring MPDCCH with repetition number >1 and MPDCCH-PRB-set size is 4, or the UE is monitoring MPDCCH within 4 PRB pairs and MPDCCH-PRB-set size is 2+4, the candidates with AL>8 and the second candidate with AL=8 cannot be monitored.
· The UE does not support monitoring the candidate spanning both PRB sets in 2+4 PRB set
· For CE mode B, MPDCCH-PRB-set size 2 and size 2+4 are not supported.
· Type0-MPDCCH common search space and Type1-MPDCCH common search space cannot be monitored in a special subframe which may cause additional delay for the MPDCCH transmission. These types of common search space even cannot be supported for extended CP.
· For Type2-MPDCCH common search space, the total number of monitored candidates in a subframe would also be reduced.
If we change the number of EREGs per ECCE to 4 for these special cases reusing the agreed ALs and the number of monitored candidates for MPDCCH, one legacy ECCE would correspond to two new ECCEs with non-continuous indices, which will impact the multiplexing of MPDCCH and legacy EPDCCH in the same PRB sets. Alternatively, smaller ALs with half of the values can be used in these special cases, while the agreed number of monitored candidates for MPDCCH is reused. 
Proposal 1: For special subframes with configuration 1, 2, 6, 7, 9 in normal CP, as well as extended CP cases, AL
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 and the agreed number of monitored candidates are used for MPDCCH.

2.2 MPDCCH repetition for special subframe configuration 1, 2, 6, 7, 9 and normal CP

For MPDCCH repetition, it was agreed to use the same AL and ECCE indices within R subframes [1]. The configuration of MPDCCH-PRB-set size is obtained by high layer signaling and does not change during MPDCCH repetition. As is observed from Table 1, for TDD special subframe configuration 1, 2, 6, 7, 9 in normal CP, there are different numbers of ECCEs available to construct MPDCCH within the same number of PRB pairs in between special subframe and normal subframe. In this circumstance, to use the same AL and ECCE indices for MPDCCH repetition for these special subframe configurations, we have the following options:

· Option 1: MPDCCH repetition is always transmitted in the subframes with the same subframe type

Thus, an MPDCCH candidate is repeated only in either normal subframes or in special subframes. The option will bring additional delay for MPDCCH repetition due to lack of available resource in time. Then the peak data rate is further degraded (noting for TDD which is already far apart from the target) and power consumption is increased. It may also complicate the eNB scheduling HARQ if MPDCCH and PDSCH are repeated upon different types of subframes. 
· Option 2: ALs and ECCE indices are restricted to small values for MPDCCH repetition, which will be transmitted in both normal subframes and special subframes

If only small ALs and ECCE indices are supported for MPDCCH repetition in both normal and special subframes, the extra available ECCEs defined for normal subframe cannot be used for MPDCCH repetition. This is not desirable for some cases where smaller ALs are not specified, e.g. CSS for RAR under PRACH CE level 0 or 1.
· Option 3: Define a default operation for subframe availability considering the AL and ECCE indices used for MPDCCH repetition

An UE can monitor MPDCCH candidates with repetition using ALs and the number of monitored candidates defined for normal subframes. When the ECCE with index being equal to the maximum ECCE index constructing an MPDCCH candidate exists in the special subframe, both special subframe and normal subframe are valid subframes for the repetition of the MPDCCH candidate. The MPDCCH candidate is transmitted in special subframes and normal subframes with the same AL and ECCE indices. Otherwise, the MPDCCH candidate is repeated only in normal subframes.

Based on the above discussion, option 3 is the preferred way. The agreement that using the same AL and ECCE indices for MPDCCH repetition implies option 3, considering a UE might be assumed not to monitor in a subframe where the AL and ECCE indices it has to monitor can’t exist. However, specification clarity is needed because it may be understood as other options.
Proposal 2: For special subframe configuration 1, 2, 6, 7, 9 and normal CP, ALs and the number of monitored candidates defined for normal subframes are used for the UE monitoring MPDCCH with repetition. Clarify in specification that when the ECCE with index being equal to the maximum ECCE index constructing an MPDCCH candidate exists in the special subframe, both special subframes and normal subframes are valid subframes for the repetition of the MPDCCH candidate. Otherwise, the MPDCCH candidate is repeated only in normal subframes.
3 UL/DL DAI definition
For eMTC TDD, DAI was agreed to be configured for UL/DL configuration 1-6 and mode A by DCI format 6-0A and 6-1A [3]. But the remaining details of the operation of DAI are still to be discussed.
The UL DAI for legacy UEs represents the total number of subframes with PDSCH transmissions and with PDCCH/EPDCCH indicating downlink SPS release to the corresponding UE within all the DL or special subframe(s) associated with the defined UL subframe. As PDSCH/MPDCCH transmission for eMTC may last for multiple subframes with repetition, the UL DAI definition needs to be modified to the total number of PDSCH transmission(s) and MPDCCH indicating downlink SPS release to the corresponding UE, and the last subframe(s) of the PDSCH and MPDCCH transmission(s) is(are) within all the DL or special subframe(s) associated with the defined UL subframe. 

The DL DAI for legacy UEs shall be updated from subframe to subframe which denotes the accumulative number of PDCCH/EPDCCH up to the present subframe within all the DL or special subframe(s) associated with the defined UL subframe. When MPDCCH is repeated in multiple subframes for eMTC, the DAI shall be updated for each MPDCCH transmission rather than each subframe. And because for DL only cross subframe scheduling is supported by R13 eMTC, the MPDCCH indicated PDSCH with last subframe within all the DL or special subframe(s) associated with the defined UL subframe should be counted. The DL DAI definition needs to be modified as the accumulative number of MPDCCH (s) with assigned PDSCH transmission(s) and MPDCCH indicating downlink SPS release up to the present DCI transmission, and the last subframe(s) of the PDSCH transmission(s) indicated by MPDCCH and the MPDCCH indicating downlink SPS release is(are) within all the DL or special subframe(s) associated with the defined UL subframe.
Proposal 3: Modify the UL/DL DAI definition for R13 eMTC as text proposal 2 considering MPDCCH/PDSCH repetition and cross subframe scheduling.
The legacy UE will transmit the CSI and the two bits [image: image7.wmf])
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 representing the spatial bundled HARQ-ACK using PUCCH format 2b for normal CP or PUCCH format 2 for extended CP, when simultaneousAckNackAndCQI provided by higher layers is set TRUE, and the UE is configured with HARQ-ACK bundling, HARQ-ACK multiplexing or PUCCH format 1b with channel selection. PUCCH format 2b is not supported for R13 eMTC. LC/CE UEs can use PUCCH format 2 for both normal CP and extended CP to simultaneously transmit the CSI and the two bits [image: image8.wmf])
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 representing the spatial bundled HARQ-ACK, and channel coding is the same as the extended CP case for legacy UEs.

Proposal 4: LC/CE UEs use PUCCH format 2 to simultaneously transmit the CSI and two spatial bundled HARQ-ACK bits as specified in text proposal 2.

4 Conclusions
This contribution discusses some remaining TDD issues for eMTC and proposes:
Proposal 1: For special subframes with configuration 1, 2, 6, 7, 9 in normal CP, as well as extended CP cases, AL
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 and the agreed number of monitored candidates are used for MPDCCH.

Proposal 2: For special subframe configuration 1, 2, 6, 7, 9 and normal CP, ALs and the number of monitored candidates defined for normal subframes are used for the UE monitoring MPDCCH with repetition. Clarify in specification that when the ECCE with index being equal to the maximum ECCE index constructing an MPDCCH candidate exists in the special subframe, both special subframes and normal subframes are valid subframes for the repetition of the MPDCCH candidate. Otherwise, the MPDCCH candidate is repeated only in normal subframes.
Proposal 3: Modify the UL/DL DAI definition for R13 eMTC as text proposal 2 considering MPDCCH/PDSCH repetition and cross subframe scheduling.
Proposal 4: LC/CE UEs use PUCCH format 2 to simultaneously transmit the CSI and two spatial bundled HARQ-ACK bits as specified in text proposal 2.
The text proposal is based on [2] with the terminology MPDCCH and needs to be updated further if other terminology is adopt, e.g. EPDCCH as proposed in [4].
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is defined by a set of MPDCCH candidates where each candidate is repeated in a set of 
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 consecutive LC/CE downlink subframes starting with subframe 
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is the number of MPDCCH candidates to monitor at aggregation level
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 in each subframe in the set of 
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[image: image25.wmf]k

p

Y

,

for MPDCCH UE-specific search space is determined as described in subclause 9.1.4, and 
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for Type0-MPDCCH common search space, Type1-MPDCCH common search space and Type2-MPDCCH common search space.
………
For Type2-MPDCCH common search space, the number of PRB-pairs in MPDCCH-PRB-set [image: image27.wmf]p

is 2+4 PRB-pairs, and

· for PRACH coverage enhancement level 0 and 1, the aggregation and repetition levels defining the search spaces and the number of monitored MPDCCH candidates are determined from Table 9.1.5-1b, by assuming that the number of candidates for 
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· for PRACH coverage enhancement level 2 and 3, the aggregation and repetition levels defining the search spaces and the number of monitored MPDCCH candidates are determined from Table 9.1.5-2b, where 

where 
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 with the value of higher layer parameter mPDCCH-NumRepetition-RA.
In tables 9.1.5-1a, 9.1.5-1b, 9.1.5-2a, 9.1.5-2b, and for Type0, Type1, Type2 MPDCCH common search space, 
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 is applied for Case 1, and 
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Case 1 applies 

-
for normal subframes and normal downlink CP when DCI format 6-1A is monitored,  or 

-
for special subframes with special subframe configuration 3, 4, 8 and normal downlink CP when DCI format 6-1A is monitored, or
· for TDD special subframe configuration 1,2,6,7,9 and normal downlink CP when DCI format 6-1A is monitored, and when 
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>1 
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Case 2 applies 

-
for normal subframes and extended downlink CP when DCI format 6-1A is monitored, or
-
for special subframes with special subframe configuration 1,2,6,7,9 and normal downlink CP when DCI format 6-1A is monitored, and when 
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=1 , or

-
for special subframes with special subframe configuration 1,2,3,5,6 and extended downlink CP when DCI format 6-1A is monitored.
For TDD special subframe configuration 1,2,6,7,9 and normal downlink CP when 
[image: image40.wmf]R

>1, if the ECCE with index being equal to the maximum ECCE index constructing an MPDCCH candidate exists in the special subframe, the set of 
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 consecutive LC/CE downlink subframes for the repetition of the MPDCCH candidate includes both special subframes and normal subframes. Otherwise, the set of 
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 consecutive LC/CE downlink subframes for the repetition of the MPDCCH candidate includes only normal subframes.
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7.3.2.1
TDD HARQ-ACK reporting procedure for same UL/DL configuration

For TDD, a non-LC/CE UE shall upon detection of a PDSCH transmission or a PDCCH/EPDCCH indicating downlink SPS release (defined in subclause 9.2) within subframe(s) [image: image43.wmf]k
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 is defined in Table 10.1.3.1-1 intended for the UE and for which HARQ-ACK response shall be provided, transmit the HARQ-ACK response in UL subframe n.
For TDD, a LC/CE UE shall upon detection of a PDSCH transmission or a MPDCCH indicating downlink SPS release (defined in subclause 9.2) within subframe(s) [image: image46.wmf]k
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 is defined in Table 10.1.3.1-1 intended for the UE and for which HARQ-ACK response shall be provided, transmit the HARQ-ACK response in subframe(s) n+ki with i =0,1, …, N-1(defined in subclause 10.2), where subframe n-k is the last subframe in which the PDSCH or MPDCCH is transmitted.
For TDD and a non-LC/CE UE, when PUCCH format 3 is configured for transmission of HARQ-ACK, for special subframe configurations 0 and 5 with normal downlink CP or configurations 0 and 4 with extended downlink CP in a serving cell, shown in table 4.2-1 [3], the special subframe of the serving cell is excluded from the HARQ-ACK codebook size determination. In this case, if the serving cell is the primary cell, there is no PDCCH/EPDCCH indicating downlink SPS release in the special subframe.

For TDD UL/DL configurations 1-6 and a non-LC/CE UE with one configured serving cell, if the UE is not configured with PUCCH format 3, the value of the Downlink Assignment Index (DAI) in DCI format 0/4, [image: image49.wmf]UL
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, detected by the UE according to Table 7.3-X in subframe [image: image50.wmf]'

k

n

-

, where [image: image51.wmf]'

k

 is defined in Table 7.3-Y, represents the total number of subframes with PDSCH transmissions and with PDCCH/EPDCCH indicating downlink SPS release to the corresponding UE within all the subframe(s)[image: image52.wmf]k
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 includes all PDSCH transmission with and without corresponding PDCCH/EPDCCH within all the subframe(s) [image: image55.wmf]k
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. For TDD UL/DL configurations 1-6 and a LC/CE UE, the value of the Downlink Assignment Index (DAI), [image: image56.wmf]UL
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, detected by the UE according to Table 7.3-X in DCI format 6-0A, and the last subframe of the DCI transmission is in subframe [image: image57.wmf]'
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 is defined in Table 7.3-Y, represents the total number of PDSCH transmission(s) and MPDCCH indicating downlink SPS release to the corresponding UE, and the last subframe(s) of the PDSCH and MPDCCH transmission(s) is(are) within all the subframe(s)[image: image59.wmf]k
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 includes all PDSCH transmission with and without corresponding MPDCCH ending within all the subframe(s) [image: image62.wmf]k
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. In case neither PDSCH transmission, nor PDCCH/EPDCCH/MPDCCH indicating the downlink SPS resource release is intended to the UE, the UE can expect that the value of the DAI in DCI format 0/4/6-0A, [image: image63.wmf]UL
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For TDD UL/DL configuration 1-6 and a UE configured with more than one serving cell, or for TDD UL/DL configuration 1-6 and a UE configured with one serving cell and PUCCH format 3, a value [image: image64.wmf]UL
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 is defined in Table 7.3-Y. In case neither PDSCH transmission, nor PDCCH/EPDCCH indicating the downlink SPS resource release is intended to the UE, the UE can expect that the value of [image: image67.wmf]UL
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 is set to 4 by the DAI in DCI format 0/4 if transmitted. 
For TDD UL/DL configurations 1-6 and a non-LC/CE UE, the value of the DAI in DCI format 1/1A/1B/1D/2/2A/2B/2C/2D denotes the accumulative number of PDCCH/EPDCCH (s) with assigned PDSCH transmission(s) and PDCCH/EPDCCH indicating downlink SPS release up to the present subframe within subframe(s) [image: image68.wmf]k
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 of each configured serving cell, where [image: image69.wmf]K

k

Î

, and shall be updated from subframe to subframe. Denote [image: image70.wmf]DL
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 as the value of the DAI in PDCCH/EPDCCH with DCI format 1/1A/1B/1D/2/2A/2B/2C/2D detected by the UE according to Table 7.3-X in subframe[image: image71.wmf]m
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 is the smallest value in the set [image: image74.wmf]K

 (defined in Table 10.1.3.1-1) such that the UE detects a DCI format 1/1A/1B/1D/2/2A/2B/2C/2D. When configured with one serving cell, the subscript of [image: image75.wmf]c
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 can be omitted. For TDD UL/DL configurations 1-6 and a LC/CE UE, the value of the DAI in DCI format 6-1A denotes the accumulative number of MPDCCH (s) with assigned PDSCH transmission(s) and MPDCCH indicating downlink SPS release up to the present DCI transmission, and the last subframe(s) of the PDSCH transmission(s) indicated by MPDCCH and the MPDCCH indicating downlink SPS release is(are) within subframe(s) [image: image77.wmf]k
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, and shall be updated for each MPDCCH transmission. Denote 
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 as the value of the DAI in MPDCCH with DCI format 6-1A detected by the UE according to Table 7.3-X and the last subframe of the PDSCH indicated by the MPDCCH or the last subframe of the MPDCCH (indicating downlink SPS release) is subframe[image: image80.wmf]m
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 (defined in Table 10.1.3.1-1) .
For a non-LC/CE UE and for all TDD UL/DL configurations, denote [image: image83.wmf]c
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 as the total number of PDCCH/EPDCCH (s) with assigned PDSCH transmission(s) and PDCCH/EPDCCH indicating downlink SPS release detected by the UE within the subframe(s) [image: image84.wmf]k
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, which can be zero or one, as the number of PDSCH transmissions without a corresponding PDCCH/EPDCCH within the subframe(s) [image: image90.wmf]k
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. For a LC/CE UE and for all TDD UL/DL configurations, denote 
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 as the total number of MPDCCH(s) with assigned PDSCH transmission(s) and MPDCCH indicating downlink SPS release detected by the UE, and the last subframe(s) of the PDSCH transmission(s) indicated by MPDCCH and MPDCCH indicating downlink SPS release is(are) within the subframe(s) [image: image93.wmf]k
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For a non-LC/CE UE or a LC/CE UE, for TDD HARQ-ACK bundling or HARQ-ACK multiplexing and a subframe [image: image98.wmf]n
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 defined in Table 10.1.3.1-1. The UE shall detect if at least one downlink assignment has been missed, and for the case that the UE is transmitting on PUSCH the UE shall also determine the parameter[image: image104.wmf]bundled
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· For TDD UL/DL configuration 0 and a non-LC/CE UE, [image: image105.wmf]bundled
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 shall be 1 if the UE detects the PDSCH transmission with or without corresponding PDCCH/EPDCCH, or detects PDCCH indicating downlink SPS release within the subframe [image: image106.wmf]k
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 shall be 1 if the UE detects the PDSCH transmission with or without corresponding MPDCCH, or detects MPDCCH indicating downlink SPS release, and the last subframe of the PDSCH transmission or MPDCCH indicating downlink SPS release is within the subframe [image: image111.wmf]k

n

-

, where [image: image112.wmf]K

k

Î

. The UE shall not transmit HARQ-ACK on PUSCH if the UE does not receive PDSCH or MPDCCH indicating downlink SPS release ending within the subframe(s) [image: image113.wmf]k
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· For the case that the UE is not transmitting on PUSCH in subframe n and TDD UL/DL configurations 1-6, if  [image: image115.wmf]0
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, the UE detects that at least one downlink assignment has been missed.

· For the case that the UE is transmitting on PUSCH and the PUSCH transmission is adjusted based on a detected PDCCH/EPDCCH/MPDCCH with DCI format 0/4/6-0A intended for the UE and TDD UL/DL configurations 1-6, if [image: image117.wmf](
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 the UE detects that at least one downlink assignment has been missed and the UE shall generate NACK for all codewords where [image: image118.wmf]bundled
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· For the case that the UE is transmitting on PUSCH, and the PUSCH transmission is not based on a detected PDCCH/EPDCCH/MPDCCH with DCI format 0/4/6-0A intended for the UE and TDD UL/DL configurations 1-6, if  [image: image124.wmf]0
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, the UE detects that at least one downlink assignment has been missed and the UE shall generate NACK for all codewords. The UE determines [image: image126.wmf])
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For a non-LC/CE UE or a LC/CE UE, for TDD HARQ-ACK multiplexing and a subframe [image: image128.wmf]n
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· If the PUSCH transmission is adjusted based on a detected PDCCH/EPDCCH/MPDCCH with DCI format 0/4/6-0A intended for the UE, then [image: image133.wmf]UL
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 in which case the UE shall not transmit HARQ-ACK. For a non-LC/CE UE , the spatially bundled HARQ-ACK for a PDSCH transmission with a corresponding PDCCH/EPDCCH or for a PDCCH/EPDCCH indicating downlink SPS release in subframe [image: image136.wmf]k
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 where DAI(k) is the value of DAI in DCI format 1A/1B/1D/1/2/2A/2B/2C/2D detected in subframe [image: image138.wmf]k
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. For a LC/CE UE , the spatially bundled HARQ-ACK for a PDSCH transmission with a corresponding MPDCCH or for a MPDCCH indicating downlink SPS release is associated with [image: image139.wmf]ACK
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. The HARQ-ACK feedback bits without any detected PDSCH transmission or without detected PDCCH/EPDCCH/MPDCCH indicating downlink SPS release are set to NACK.
· If the PUSCH transmission is not adjusted based on a detected PDCCH/EPDCCH/MPDCCH with DCI format 0/4/6-0A intended for the UE, [image: image145.wmf]M
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For TDD when the UE is configured with HARQ-ACK bundling, HARQ-ACK multiplexing or PUCCH format 1b with channel selection, and when both HARQ-ACK and SR are transmitted in the same sub-frame, a UE shall transmit the bundled HARQ-ACK or the multiple HARQ-ACK responses (according to subclause 10.1) on its assigned HARQ-ACK PUCCH resources for a negative SR transmission. For a positive SR, the UE shall transmit [image: image150.wmf])
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 HARQ-ACK responses including ACK in response to PDCCH/EPDCCH/MPDCCH indicating downlink SPS release by spatial HARQ-ACK bundling across multiple codewords within each PDSCH transmission for all serving cells [image: image153.wmf]DL
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 for a serving cell c, the UE detects that at least one downlink assignment has been missed.
Table 7.3-1: Mapping between multiple HARQ-ACK responses and [image: image156.wmf])
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	0 or None (UE detect at least one DL assignment is missed)
	0, 0

	1
	1, 1

	2
	1, 0

	3
	0, 1

	4
	1, 1

	5
	1, 0

	6
	0, 1

	7
	1, 1

	8
	1, 0
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	0, 1


For TDD and a non-LC/ CE UE if the parameter simultaneousAckNackAndCQI provided by higher layers is set TRUE, and if the UE is configured with HARQ-ACK bundling, HARQ-ACK multiplexing or PUCCH format 1b with channel selection, and if the UE receives PDSCH and/or PDCCH/EPDCCH indicating downlink SPS release only on the primary cell within subframe(s) [image: image159.wmf]k
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. For TDD and a LC/ CE UE if the parameter simultaneousAckNackAndCQI provided by higher layers is set TRUE, and if the UE is configured with HARQ-ACK bundling, HARQ-ACK multiplexing or PUCCH format 1b with channel selection, and if the UE receives PDSCH and/or MPDCCH indicating downlink SPS release ending within subframe(s) [image: image164.wmf]k
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 HARQ-ACK responses including ACK in response to PDCCH/EPDCCH/MPDCCH indicating downlink SPS release by spatial HARQ-ACK bundling across multiple codewords within each PDSCH transmission for all serving cells [image: image171.wmf]DL
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 for a serving cell c, the UE detects that at least one downlink assignment has been missed. 
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