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--------------------------------------Text Begins------------------------------------
5.1.3
Physical downlink control channels

The downlink control signalling (PDCCH) is located in the first n OFDM symbols where n ( 4 and consists of:

-
Transport format and resource allocation related to DL-SCH and PCH, and hybrid ARQ information related to DL-SCH;

-
Transport format, resource allocation, and hybrid-ARQ information related to UL-SCH;

-
Resource allocation information related to SL-SCH and PSCCH.

Transmission of control signalling from these groups is mutually independent.
Multiple physical downlink control channels are supported and a UE monitors a set of control channels.

Control channels are formed by aggregation of control channel elements, each control channel element consisting of a set of resource elements. Different code rates for the control channels are realized by aggregating different numbers of control channel elements.

QPSK modulation is used for all control channels. 

Each separate control channel has its own set of x-RNTI.

There is an implicit relation between the uplink resources used for dynamically scheduled data transmission, or the DL control channel used for assignment, and the downlink ACK/NAK resource used for feedback.

The physical layer supports R-PDCCH for the relay.

The enhanced physical downlink control channel (EPDCCH) carries UE-specific signalling. It is located in UE-specifically configured physical resource blocks and consists of:

-
Transport format, resource allocation, and hybrid ARQ information related to DL-SCH;

-
Transport format, resource allocation, and hybrid-ARQ information related to UL-SCH;

-
Resource allocation information related to SL-SCH and PSCCH.
Multiple EPDCCHs are supported and a UE monitors a set of EPDCCHs.

EPDCCHs are formed by aggregation of enhanced control channel elements, each enhanced control channel element consisting of a set of resource elements. Different code rates for EPDCCHs are realized by aggregating different numbers of enhanced control channel elements. An EPDCCH can use either localized or distributed transmission, differing in the mapping of enhanced control channel elements to the resource elements in the PRBs.

EPDCCH supports C-RNTI and SPS C-RNTI and SL-RNTI and SRS-TPC-RNTI. If configured, EPDCCH is applicable in the same way as PDCCH unless otherwise specified.

The MTC physical downlink control channel (MPDCCH) is used for bandwidth-reduced operation and carries common and UE-specific signalling.
Multiple MPDCCHs are supported and a UE monitors a set of MPDCCHs.

MPDCCHs are formed by aggregation of enhanced control channel elements, each enhanced control channel element consisting of a set of resource elements. Different code rates for MPDCCHs are realized by aggregating different numbers of enhanced control channel elements. An MPDCCH can use either localized or distributed transmission, differing in the mapping of enhanced control channel elements to the resource elements in the PRBs.

MPDCCH supports RA-RNTI, SI-RNTI, P-RNTI, C-RNTI, Temporary C-RNTI and SPS C-RNTI.

For NB-IoT, the narrowband physical downlink control channel (NPDCCH) is located in available symbols of configured subframes. Within a PRB pair, two control channel elements are defined, with each control channel element composed of resources within a subframe. NPDCCH supports aggregations of 1 and 2 control channel elements and repetition. NPDCCH supports C-RNTI, Temporary C-RNTI, P-RNTI, and RA-RNTI.
5.5
Carrier Aggregation

In Carrier Aggregation (CA), two or more Component Carriers (CCs) are aggregated in order to support wider transmission bandwidths up to 640MHz. A UE may simultaneously receive or transmit on one or multiple CCs depending on its capabilities:

-
A UE with single timing advance capability for CA can simultaneously receive and/or transmit on multiple CCs corresponding to multiple serving cells sharing the same timing advance (multiple serving cells grouped in one TAG);

-
A UE with multiple timing advance capability for CA can simultaneously receive and/or transmit on multiple CCs corresponding to multiple serving cells with different timing advances (multiple serving cells grouped in multiple TAGs). E-UTRAN ensures that each TAG contains at least one serving cell;

-
A non-CA capable UE can receive on a single CC and transmit on a single CC corresponding to one serving cell only (one serving cell in one TAG).

CA is supported for both contiguous and non-contiguous CCs with each CC limited to a maximum of 110 Resource Blocks in the frequency domain using the Rel-8/9 numerology.

CA is supported both between same and different duplex CCs.

It is possible to configure a UE to aggregate a different number of CCs originating from the same eNB and of possibly different bandwidths in the UL and the DL:

-
The number of DL CCs that can be configured depends on the DL aggregation capability of the UE;

-
The number of UL CCs that can be configured depends on the UL aggregation capability of the UE;

-
It is not possible to configure a UE with more UL CCs than DL CCs;

-
In typical TDD deployments, the number of CCs and the bandwidth of each CC in UL and DL is the same.

-
The number of TAGs that can be configured depends on the TAG capability of the UE.

CCs originating from the same eNB need not to provide the same coverage.

CCs shall be LTE Rel-8/9 compatible. Nevertheless, existing mechanisms (e.g. barring) may be used to avoid Rel-8/9 UEs to camp on a CC.

The spacing between centre frequencies of contiguously aggregated CCs shall be a multiple of 300 kHz. This is in order to be compatible with the 100 kHz frequency raster of Rel-8/9 and at the same time preserve orthogonality of the subcarriers with 15 kHz spacing. Depending on the aggregation scenario, the n ( 300 kHz spacing can be facilitated by insertion of a low number of unused subcarriers between contiguous CCs.

For TDD CA, the downlink/uplink configuration is identical across component carriers in the same band and may be the same or different across component carriers in different bands.

5.5a
Multi-carrier operation for NB-IoT
For NB-IoT, multi-carrier operation is supported.
The UE in RRC_CONNECTED can be configured, via UE-specific RRC signaling, to a non-anchor carrier, for all unicast transmissions. If the non-anchor carrier is not configured for the UE, all transmissions occur on the anchor carrier.
5.5.1
SRS switching between component carriers

A UE supporting CA can be capable of aggregating more downlink CCs than uplink CCs, and hence a TDD CC may operate in downlink only but no uplink (i.e., no PUCCH/PUSCH/SRS/PRACH). A Rel-14 compatible UE may support SRS switching between CCs so that SRS can be transmitted on a TDD CC without PUSCH to help the eNB obtain channel information for the CC. In SRS switching, the UE suspends its uplink transmission on a CC with PUSCH, tunes to a TDD CC without PUSCH, and transmits SRS on the CC.
8.1
E-UTRAN related UE identities

The following E-UTRAN related UE identities are used at cell level:

-
C-RNTI: unique identification used for identifying RRC Connection and scheduling;

-
Semi-Persistent Scheduling C-RNTI: unique identification used for semi-persistent scheduling;

-
Temporary C-RNTI: identification used for the random access procedure;

-
TPC-PUSCH-RNTI: identification used for the power control of PUSCH;

-
TPC-PUCCH-RNTI: identification used for the power control of PUCCH;
-
SL-RNTI: identification used for sidelink communication scheduling;
-
Random value for contention resolution: during some transient states, the UE is temporarily identified with a random value used for contention resolution purposes.
· SRS-TPC-RNTI: identification used for triggering group SRS and power control of SRS for SRS-only SCells.
In DC, two C-RNTIs are independently allocated to the UE: one for MCG, and one for SCG.
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